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PEEFACE 



TO 

ENLAEGED EDITION OF 
"OUR IRONCLADS AND MERCHANT SHIPS." 



When we have deducted the misrepresentations of us by 
our opponents, their contradictions of each other^ and of 
themselves^ together with their oppositions of science falsely 
so-called, there is but little left for us to notice. 

In this edition we have continued our mathematical 
investigations leading to demonstrations of the laws which 
govern the motions of ships at sea. 

Some have affected, to have discovered to our discom- 
fiture, that our method of calculating stabilities from the 
external pressures on the surface of the body^ yields the same 
result as the system now in use. But these have been unable 
to discern that all the arguments in our book proceed^ for 
the present, on the hypothesis of the theoretical correctness 
of the old system. 

We have introduced in an Appendix, page 107, a fuller 
statement as to the erroneous character of the Froude theory 
and of the dangers arising from Mr* E. J. Keed's application 
of that theory. 

In various publications issued long before Mr. Froude 
was known to the public, we indicated the cause of greater 
or less rolling of ships, in a comparison of the ^^ Canopus ^' 
with ^^ Vanguard" and ^^ Vanguard '' with ** Superb.^^ 

The cross sections of '^Canopus" were of a U-form, 
while those of ^^ Vanguard'' were of a V-form with greater 
proportionate breadth. "Canopus" had much ballast, and 
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other weights low down, including weight of hull ; therefore 
her centre of gravity low, and weights laterally concentrated. 

*' Vanguard," on the contrary, had little ballast her 
weights including that of hull thrown up and out, therefore 
her centre of gravity was very high, and her weights were 
laterally more distributed. 

^* Vanguard " possessed vastly more stability under can- 
vas, which was derived from her much greater breadth. 

The ^^Canopus" was easy, her rolling was slow and 
limited. The rolling of the *^ Vanguard " was specially 
uneasy, and frequently it was frightfully great and rapid. 

We pointed out that no altered disposition of weights 
could cure the *' Vanguard's " defects; for, if weight was 
raised the arcs of roll would be increased, but those were 
already too great ; while, if the weight was lowered, her 
rolling would be made more rapid, but that was already too 
rapid. 

This condition arose much from' a radical defect In her 
form owing to which, as she rolled over and back, the centre 
of gravity rose and fell considerably. The acceleration from 
that fall increased the arcs and rapidity of roll, intensifying 
the evils of two great breadth of beam. 

The ^^ Vanguard " and " Superb " were sister ships, the 
latter was a little longer at fore foot, which brought her 
centre of gravity of hull lower, she had more ballast and was 
immersed one foot more than the ** Vanguard," by water 
provisions, &c., therefore had a lower centre of gravity, yet 
she was easier, rolled slower, and through smaller arcs, and 
was a faster and better ship in every way. 

We fear that notwithstanding this dear-bought experience, 
in the haste to escape the dangers of the Froude-Eeed 
" Scylla " of no stability, we are running into the " Oarybdis " 
of undue stability from excessive breadth of beam, from 
which our ships will have motions only less great than those 
of the *^ Vanguard," because the cross sections of the modern 
ships are better than theirs. 

In the very numerous '^ Vanguard " forms we had fright- 
frilly extensive and rapid rolling, partly resulting from a con- 
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dition similar to that proposed by Mr. Proude as a panacea 
for the evils of rolling, increased inertia of sides from dis- 
tributed weights, and a high centre of gravity. 

The effect of the distribution of weight on the sides is to 
reduce the stability by depriving the sides of their buoyant 
or supporting power. The effect of raising the centre of 
gravity is to reduce at once the stability and the inertia 
which our opponents desire to increase. 

Our challenge to produce an authentic case of a ship in 
which the arcs rolled through have been reduced by raising 
the centre of gravity, has been four years before the public 
without an answer. 

It is contrary to the nature of things that such a case 
could exist, and, therefore, it was not found. 

We are glad to find from " Naval Science," April 
No., 1874, that the Rev. Dr. Woolley,.Mr. E. J. Reed, 
and Mr. Froude himself are now ^^ fully impressed 
with the necessity of caution in the application of his 
{Mr. Froude^s) theory. 

Two of these gentlemen were members of the Scientific 
Committee on the designs for ships ; and we gathered that 
they had had doubts of the correctness of this system, when 
we found them recommending great stability (notwithstand- 
ing the evils they anticipated) in opposition to the little pr 
no stability that they had previously counselled. 

This is one of those cases where common sense and ex- 
perience have been divorced from mathematics, and the latter 
still called an exact science. 

If the plan proposed by Mr. Froude, that of keeping ships 
upright by placing great weights on their sides and raising 
their centres of gravity, so that waves shall pass without roll- 
ing them, had been arrived at, what then ? Why, in propor- 
tion as the waves increased in height, they would roll over 
the bulwarks, sweep the decks of everything, and fill the 
ship, if not closely battened down, if the weight of the body 
of water did not previously capsize her. 

Reducing the stability would facilitate a capsize — 1st. 
From the large body of water alluded to; 2nd. From inability 
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to resist squalls of wind or the impact of a heavy wave ; 3rd 
From the accumulation of water when the bulwarks were 
high. 

Then from deficiency of stability the sails would be inef- 
fective ; steering would be difficult and uncertain, and the 
ship would be so easily inclined that her guns ^uld fre- 
quently be useless. 

In a word, the system has not one redeeming point, as 
may, perhaps, be admitted when a few more lives have been 
sacrificed. Yet the system has been approved by those said 
to be the greatest authorities on naval science. 

Nevertheless the ships operated on were inclined to roll 
over, till from 350 to 500 tons of ballast were placed between 
the double bottoms of each ; yet this, according to the theory, 
should have made them more liable to roll over. They 
were found to roU frightfully, and long and heavy iron bilge 
pieces were placed on some of their bottoms, adding thereby 
the most effective ballast. By the double action of this 
weight and friction their rolling has been much reduced. 

After years of ridicule it is now admitted in ^* Naval 
Science, 1874,'* that we have proved — pages 34 to 40, and 
62 — 64 of this work, that an unequal distribution of weights 
and buoyancies, without any change in the height of the 
centre of gravity, produces radical changes proportionate to 
the extent of these inequalities, — changes not previously 
admitted or allowed for, — therefore, that all calculations 
hitherto made for the purpose of determining the amount of 
stability were erroneous. 

Consequently, all ships with loaded sides and empty 
cellular bottoms, where these inequalities are the greatest, 
are dangerously deficient in stability as compared with the 
amounts assigned by former calculations. 

It is now said that the amount and range of stability, 
not has been, but ^^can in all cases be easily calculated by the 
common rules, and then it may be inferred whether the 
stability is sufficient.^^ Thus the knowledge indispensable 
for safety of life and property is proposed to be left to an 
inference. 



We cannot trust to such where we ought to have proof, 
particularly when inferences have proved to be so deceptive. 

The fact is, this is an unwilling admission as to another 
grave defect in the '^common rules," which have been 
assumed to be always strictly accurate and accurately 
applied, whereas they have not been even approximately so, 
especially, in the case of ironclads. 

We have added demonstrations of additional problems. 
The objects of these and the further mathematical investi- 
gations are, to demonstrate that a ship does not in any case 
revolve round her centre of gravity, and to determine the 
point or line round which she does turn, and to determine 
the motions, oscilliations, and times of roll, arising from any 
applied forces. 

The geometrical discussions are designed to evolve 
principles for facilitating the above. 

Our readers must, in some few cases, take for granted for 
the present the correctness of the processes, though not 
given in detail for shortness, by which results are arrived 
at, such, for instance, as those at page 88 : — 



And— 






A result may be arrived at by a course of reasoning, 
true in itself, but it may land us in an equation which is not 
soluble by any generally known calculus, therefore we some- 
times are obliged to have recourse to a more powerful cal- 
culus, nevertheless such as has been accepted by distin- 
guished mathematicians ; added to which the results prove 
the correctness of the process. 

Reasons a new system is proposed : — 

1. The old system or common rules being deduced from 
formulas framed on the supposition that the inclination 
would be only to an infinitely small angle, while, in fact, 
the ships incline to large angles. 
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2. Proceeding on the supposition that the immersed 
bodies of ships were homogeneous^ though they never are so. 

3. Proceeding on the supposition that ships always rotate 
round their centres of gravity, which is never the case, 
therefore it is impossible to obtain accuracy by such pro- 
cedurcj nor were it more accurate could it yield the full 
results obtainable from a system of calculations deducible 
from the pressures on the external surfaces as proposed. 

Eventually it will be seen that the longer methods 
which in some cases have been adopted by us, are necessary. 

Until the Froude-Reed designs were introduced into the 
navy, our architects would have thought themselves foolish 
or just subjects for a criminal prosecution if they gave a 
ship so small an amount of metacentric height as 3 feet,* 
as it had been uniformly found that such ships had proved 
to be crank and dangerous, and had been characteristically 
called coffins, as so many of the smaller vessels with a small 
measure of stability had capsized. 

Since then we have had ships with 2*48 feet, 2*2 feet, 

1*8 feel, and 1*5 feet of nominal metacentric height in the 

'* Invincible" class, but in truth much less, in consequence 

of their loaded topsides and empty bottoms. These also 

have justified the above judgment and the experience of ages, 

for a fleet of these men-of-war and transports have been 

pronounced " unseaworthy" by those who had a share in 

the responsibility of their designs ; if not all in this very 

language, yet they condemned all either to receive a quantity 

of ballast or have their masts and sails reduced, or both. 

What other could have been expected when the tried 

oflScers of the Constructive Department, the possessors of the 
traditional experience of ages, were cast out to make room 
for a man without practical knowledge ? It would be in- 
structive to place on record at the Admiralty the amount 
this freak has cost the country. 

* The " Achilles" appears to be an exception to this, but it is not so ; her 
great size and small masts mask the defect in fine weather ; in a seawaj she 
rolls much : and, similarly, " Minotaur," with a height of 38 feet, rolled 39°, 
. when the small and less well formed wooden " Topaze " rolled only 22°. 
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Some years siuce^ we suggested to the Admiralty that a 
table should be prepared, for their Lordships^ protection 
against wild schemes, which should contain the dimensions of 
one of each of the typical ships, together with the calculated 
results of the various elements, including the metacentric 
heights, so that similar should be calculated for any new 
design, and on interpolation of these the true value of the 
design in its essential features might be found. 

Had such been prepared, and had the *' Invincible," 
" Sultan," and other designs been thus tested, they would 
have found a place amongst the coffins. It would well repay 
the cost to have such a table prepared now, in which to 
contrast to the Froude-Keed ships with those French and 
English that are found to be safe and useful. 

That a greater number of cataptrophies from the use of 
the upside down system have not occurred, has been much 
because the danger was discovered in good time, and much 
because their masts have been small, and the general mode 
of locomotion by steam. 

In the Appendix 107 we have shown that nothing but 
evil could be expected from the introduction of this system. 

We seem to have arrived at a climax of absurdity with 
respect to this practice of building ships bottom upwards. 
We are informed in " Naval Science " *^ that the stability 
of the same vessel may be greater if placed bottom upwards 
and range over a large angular space may be allowed, as is 
indeed the case with most ships ; and yet the vessel may be 
perfectly safe when floating upright, if the conditions above 
indicated be complied with." 

The language is Delphic but as some ideas struggle 
through we will deal with them. 

It may be admitted that ships built bottom upwards 
may be perfectly safe when floating upright^ but we must 
add a further condition, if there is some means of keeping 
them upright, but seeing that the Froude-Reed wystem has 
failed to effect this and none other is offered, we must 
accept the reluctant admission that such ships are not safe, 
and we find that at the first temptation they are disposed 
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to resent the violence that has been done them in trying to 
prevent their following the natural course. 

The editor seems clearly to have had further misgivings 
about what he had written for, he adds another limitation, 
^* if the conditions above indicated be complied with,^^ 

He cannot mean by *^ above indicated " to strip a section 
off the side of a ship, and thus perforce capsize her as 
Naval Science well illustrated. He must, therefore, mean 
what he is reluctant more clearly to express, the conditions 
are those which he has admitted we have proved to be correct 
and necessary for safety. Pages 34 to 44 of this book. 

But those conditions require that ships should not be 
built bottom upwards, but that buoyancy should be placed 
in its natural position above, and weight in its equally 
natural position below, for if not they will take the first 
opportunity to change places, all consequences of emptying 
the crew and cargo into the sea notwithstanding, this much 
is so undesirable that we need not follow them further, 
But we feel bound to draw attention to the grave responsi- 
bility that is incurred by those who permit the construction 
of ships on a plan that is confessed to be unsafe by one of its 
originators who has had such ample means of obtaining this 
knowledge; and by others, its parent included, who now 
admit that the system is only true within the limits stated 
by J. C. 

We have said that a ship never rotates round her centre 
of gravity; we have given a proof of this, page 142 to 145, 
that may be understood by any person of ordinary intelli- 
gence and instruction. 

A ship is always under constraint from the water which 
floats her, and her motion may be compared to that of a bale 
of goods, the centre of gravity of which is at its central 
point, and which a porter desires to place upon a truck; 
using the edge of the truck as a fulcrum, he first raises one 
end, then the other ; in neither process is the body turned 
round its central point or centre of gravity; neither is a ship, 
for her centre of gravity, as she is rolled or is inclined over, 
rises or falls, the water being the fulcrum in this case, the 
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body and centre of gravity rotating round some point that 
neither rises or falls, but generally continues in the water- 
line. 

It is clear then that the leverage of all the forces and 
moments must be measured from this latter point rather 
than from the centre of gravity, which not only moves with 
each motion of the ship vertically, but more, does not 
continue at the same distance from the point round which it 
turns. 

The locus of each point can be determined in all cases. 

All deductions, therefore, made on the supposition that a 
ship revolves round her centre of gravity, must be erroneous, 
sometimes grossly so. In reality, the metacentre and equili- 
trating lever have no existence in fact. 

True, we appear to show. Figure XIII, while reasoning 
on one of our blocks, that the deductions from the old system 
to agree with those from the system of taking the external 
pressures. In this case they agree, but that is the only case 
in which they do. 1st. Because the body is homogeneous, 
and of such specific gravity and form that the centre of 
gravity always remains in the water-line, however so much 
may be the inclination; and 2ndly, because the centre of 
gravity of displacement was there accurately determined. 

Simple calculations from the external pressures will 
always define strictly the position of the centre of gravity of 
displacement when it is necessary to obtain it ; in general it 
cannot be determined accurately by the old system, and 
never without more elaborate calculations. 

But the fact is, all calculations made on an equilibrating 
lever or metacentric system, are dangerously defective, and 
the attempts to estimate stabilities and rolling motions in a 
seaway by such means are still more delusive ; for at best, 
such could only give an estimate of the statical efiect, 
whereas rolling motions are for the most part the result of 
dynamic action, and this is specially so when the waves are 

travelling with great velocity. 

^e have proved, by the principle of vertical velocities^ 
at it is absurd to seek in the conditions under which the 
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through the action of those pressures and the equilibrating 
lever, which is without prop or support. 

On the other hand^ we have proved mathematically that 
the external and downward pressures of the body may be 
combined, according to the principle of D'Alembert, to 
determine the extent and circumstances of the motions of 
the floating body. And further, we have established, by 
the principle of vertical velocities, the conditions under 
which the body assumes a state of rest or of equilibrium, in 
any given position, by the action of the external forces and 
the downward pressure of the body. 

Now, while an estimate of the dynamic action is not 
attempted under the metacentric method, the effect can be 
determined by that proposed, that of measuring the external 
forces separately. Many illustrations of this dynamic 
action might be offered; they will occur to the mind of 
every sailor who reads this. One, however, may be 
given. 

Captain Hoseason mentions the case of a merchant- 
vessel that was assisted by a ship in which he served. The 
former, off Cape Horn, was struck by a sea, which carried 
away her poop and its contents, breaking off every timber- 
head but one. 

The captain, his wife, and the oflSo^rs, were sleeping 
there, all of whom were swept off and drowned, except the 
captain's wife, who saved herself by catching hold of the 
solitary timber-bead. 

This ship probablj' had her centre of gravity too low, 
therefore was too unyielding, that is, would not roll with the 
sea. 

Had she had only the amount of stability designed by 
the Froude-Reed system, the sea would have capsised her, 
when she would have become a total loss ! 

Arising from the causes above stated, we are without any 
actual measures of stabilities, nor can we directly compare 
tiie stabilities, nor the performances of one ship with those 
of another by the existing system. 
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It may be asked^ bow is it then tbat we bave gone on so 
long witbout comparative failures till Mr. E. J. Reed became 
constructor I Tbe answer is simple and complete. 

The amount of stability provided for in tbe estimates of 
designs was so large tbat it admitted a margin for errors to 
occur witbout their being discovered, and tbe estimates were 
all understated, because tbe cx)ncentration of weight on the 
bottoms formerly, and tbe comparative lightness near the 
water-line, occasioned greater actual stability than tbe calcu- 
lations indicated. 

But as Mr. Reed reduced tbe initial stability, as shown 
by the old rules, and studiously concentrated weight on the 
sides and near tbe water-line, and more studiously raised 
tbe weights off tbe bottoms, making them light, on the plea 
of limiting tbe rolling and for economy of material; his 
designs are numerous, and many of them conspicuous 
failures as to stability. 

We bave now tbe '^ Raleigh,"' of 4,780 tons, 6,000 horse- 
power, and its consequent great weight of coals, drawing 
16 inches more water than was intended, and receiving 180 
tons of ballast, to make her useful, if not to make her safe. 

True, it is stated that her weight of armament bad been 
increased, but this is not said to have been tbe cause for 
introducing tbe ballast, nor could it with truth be so, as 
tbe former weight could not bave been great, and some of it 
added much below the centre of gravity. Fifty tons would 
cover tbe increase of top weight. 

If we reduced the old sailing three-decked *^ Trafalgar " 
to a frigate, which the " Raleigh " is, we should remove her 
poop, upper and main decks, with their topsides and arma- 
ments, the latter equalling tbat of the ^' Raleigh," we should 
reddce tbe top weight of the former from 700 to 800 tons, 
yet she carried tliis great weight well, possessed great 
stability under sail, was easy, and rolled by much the least 
of any ship in tbe squadron. Marvellous to relate, tbe 
** Raleigh," of greater dimensions having a tonnage of 4,780, 
as compared to 2,700 of ^^ Trafalgar;" notwithstanding, also, 
tbe great weight, 800 horse-power engines and boilers, and 
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550 tons of coals, being comparatively low down ; and, not- 
withstanding the lowness of her small armament, say 150 
tons, as compared with 330 tons of " Trafalgar," she requires 
180 tons of ballast between her bottoms I 

The explanation is, that the no-stability mania led to her 
being deprived of margin enough of stability to cover the 
errors of calculation, and her weights are lifted off her 
bottom, leaving a buoyant capsizing space below. 

In creditable contrast, we observe, that an iron sailing 
ship, built for Messrs. Stuart and Douglas, of Liverpool, by 
McMillan and Son, Dumbarton, of 4,500 tons, was launched 
with her top-gallant yards across, without a particle of ballast 
in her, and manifesting considerable stability during a gale 
which occurred immediately after she was launched. 

Taking into consideration the greater weight of this 
ship's bottom plates, and much greater strength and weight 
of the lower part of her frames, the centre of gravity of her 
hull must be very low, and with a reasonable stowage of her 
cargo, it must approach near her centre of gravity of dis- 
placement. 

It is therefore not within the bounds of probability that 
she could be made unsafe by the stowage of the weight of 
her cargo too high, nor would a deck load, more than the 
double of *^ Raliegh's " armament, have made her unsafe, or 
have necessitated any, much less 180 tons of ballast. Her 
length being six times her breadth, she will be an easy and 
useful ship, and will condemn the no-stability upside down 
system. 

The fact is, that if so much fuss is made of an increase of 
top-weight of only 50 or 100 tons to ships of 4,700 tons dis- 
placement, the Navy will be the laughing-stock of the 
mercantile marine ; and if such large ships cannot bear so 
small an increase of top-weight without requiring 180 tons 
of ballast to restore the stability thus lost, it shows how 
dangerous was the " Raleigh " as designed, and the wisdom 
of keeping her months in leading-strings while they are 
teaching her to walk safely. 

Can it be just that merchants should be criminally pro- 
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secuted if their ships capsize and drown their crews, because 
of a deck load placed on a crank ship, when they are less 
culpable than the architects of the Admiralty, who have 
built ships that were liable to capsize without a deck 
load ; surely this involves grave responsibility. 

We rejoice that ballast is being placed in these ships, but 
surely public notice ought to be given of this, that the naval 
architects of the mercantile marine should be informed as to 
the dangerous character of that system which previously 
prevailed, and had been inculcated as the only safe system ! 

It is quite clear that till there is a new and correct 
system of calculating stabilities and rolling motions, there 
can be no guarantee for certainty of results, for progress, for 
efficiency, economy, or safety. 

When single ships cost 5,000/. or 50,000/. the failures 
were few, and did not involve much expense or loss of life ; 
but now, that we have ships costing nearly 300,000/., few in 
number, consuming collieries, and with large crews, it 
becomes a great national question. Horrible as has been 
the responsibility of those who originated those failures, 
which, for number, design, and grandeur, are without 
parallel, it will be nothing to that of those who, after such 
sad experience, should continue the looseness of practice that 
we described, or should repeat the failures which have of 
late been the rule in the navy, the result of that revolution 
in naval architecture which Mr. E. J. Keed boasts to have 
effected, and from the grievous consequences of which 
nothing short of another revolution can save us. 

The '^ Stuart Hahnemann,'* to which we alluded above, 
has a metacentric height now of about six feet, and if her 
cargo be stowed, as all ought to be, if mixed, and not 
a cargo of metals, the heaviest portion lowest, her centre of 
gravity will be, when she is upright, at the same height 
nearly as that of her centre of gravity of displacement, the 
position recommended, when it is possible, by that eminent 
naval architect, Dupuy de Lome — ^^ Son centre de graviti a 
'peine au dessous de son centre de cardne,^^ 

Let such an amount of stability be given, and ships will 
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be safe from capsizing, will sail and steer well, and then, in 
comparison^ in respect of safety, the lowness of freeboard 
will be as nothing. 

No doubt the water may wash over the decks, but if 
provision be made, as in the Dutch galliots, by great 
stability and high buoyant ends, the water may wash over 
a length of deck of 20 or 30 feet amidships without danger. 

In the Froude-Reed system it is actually intended that 
the sea shall come over the bulwarks, in the arrangements 
to keep ships upright in a seaway, but to the chances of 
being swamped if the hatches are not securely battened 
down, and this cannot be done without suffocating the crews, 
who sleep in the high ends of the galliots, is added in the 
Froude-Reed designs, the next to certainty of being cap- 
sized from their having so little stability. 

The Scientific Committee seem to have had some fears 
of the former danger, for they expressly say, care must be 
taken that the '^ Devastation " should not be " swamped." 

If the Board of Trade and Admiralty were to inculcate 
the principle of giving great stability, instead of the little 
stability recommended by Messrs. Froude, Read, and some of 
the Scientific Committee on naval designs, they would do 
more to limit the number of ships that founder and drown 
their crews than all the Acts of Parliament that could be 
framed as to deck loads, load line, or height of freeboard. 

The ** Raleigh " is the last, in one sense ; we hope she 
may be so in in a more important sense, of the unsafe fleet 
of ships. 

It had been supposed that the great weight of engines, 
boilers, and coals, low down, would have sufficed for ballast- 
ing those ships that carried such — not so. '* High science " 
designs require from 180 to 500 tons of ballast still lower 
down, not to make them stable and safe, — that is a vulgar 
error, — but for an economical adjustment of weight ! 

It is proposed by the self-styled school of great thinkers 
to place one of the greatest authorities in the world on the 
subject of Naval Architecture in uncontrolled authority over 
the Constructive Department. The grounds for the recom- 
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mendation we are not told, whether to correct the failures 
in the designs to prevent ships rolling, the effects of which 
as respects the stomach, Mr. Bessemer is called in to cure 
by machinery, or to carry forward the anticipated triumphs 
of the so-called high science ? 

We had thought that any, who could be convinced 
by reason and hard facts, would have been satisfied that 
ballast and ballast had sufiSciently witnessed to the danger of 
placing power in hands that have violated alike common 
sense, experience, and laws. 

Surely foreigners will say we English are a strange 
people; we appoint grave Commissioners to conduct com- 
petitive examinations for offices the duties of which might 
be creditably performed by army pensioners, and yet we 
hoist men into the highly responsible position of constructors 
and advisers to the Admiralty — men without experience, 
without this competitive examination, nay, even without any 
examination ; men who, if they have been previously tried, 
it has been far other than a success, and old public servants, 
of proved competency, resign rather than be responsible 
for the evils they anticipate from such. The results have 
fully established the right of these faithful servants to 
honourable mention, if not also to a more substantial re- 
cognition of their conduct. 

Till the law is made to reach over the high seas and 
back to the designers of fantastic ships, sailors' lives will not 
count for much. 



INTRODUCTION. 



It was not prematurely that we undertook to examine 
the current opinions on Naval Architecture,* when we found 
not simply a recommendation to reduce the stability of ships 
with a view to make them more stable^ but this wild scheme 
extensively entered upon in opposition to solemn warnings 
from experienced naval architects and mathematicians skilled 
in practical naval matters. 

Thus Mr. Scott Russell said, in 1863:— "Mr. Froude 
^' has recommended that ships should be constructed so as to 
^' have the largest possible periodic time of roll, and has 
" recommended as the method of giving this long periodic 
" time, the lessening of her stability under canvas. I have 
** carefully examined the subject with reference to the safety 
" of following out such a principle, and I have compared it 
*^ with the results of a long course of practice of my own, and 
" have come to the conclusion, that both in principle and in 
" practice it would be unwise and unsafe to follow his advice." 

Mr. Froude recommends, for " insuring the safety of a 
" ship, as a practical measure, that it should have given to 
'* it such a distribution of weight as shall insure to it a long 
" period of oscillation, and he adheres to this maxim under 
** conditions and to an extent which to me appear dangerous 
" and unsound. What I assert is, that such a cure is worse 
^^ than the disease. 

" I do not think that this synchronism of oscillation 
" (which Mr. Froude fears) is a formidable fact, or is an 
"ordinary source of danger to real ships on real* sea waves, 
" as distinguished from experimental models in a fish-pond.'* 

The Rev. Dr. WooUey said at the same period, " I may 
" safely say that in the main I agree with Mr. Scott Russell's 
" remarks. 

* Vide Lecture on the loss of the " Captain." Current Fallacies in Naval 
Architecture. Our Ironclads. — E. and F. N. Spon, 48, Charing Cross. 
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" Those who were present at the discussion of the paper 
by Mr. Scott Russell, cannot fail to have been struck by 
*^ the wisdom of the concluding remarks of the Chairman, 
" Canon Mozeley, in which, while allowing fully the merit 
" of the investigations of Mr. Froude, he bade naval archi- 
•* tects be cautious in applying his conclusions, which are 
*^ sufficiently in ajitagonism with all that have been hereto- 
•* fore formed with regard to the form which conduces to the 
*' best qualities in a sea-going ship. In these words of cau- 
*• tion I fully concur, and for this reason, that Mr. Froude, 
*^ in pressing the conclusions of his own theory, which is 
^* entitled to all respect, seems to forget that, after all, his 
" mode of viewing the question is but one among several." 

The lamentable fate of one, and the facts as to many, of 
our ironclads, have fully justified these warnings. 

The concentration of weight on the sides of these ships 
also caused danger by further depletion of stability than was 
anticipated : and more dangerous still, the calculations made 
were based on a hypothesis which we have shewn frequently, 
but now more fully, to be either inapplicable or altogether 
erroneous. 

These calculations proceeded, 1st, on the hypothesis that 
the weights in the immersed portion of the body were uni- 
formly distributed, which never was the case, but, as for- 
merly, the excess of weight was on or near the bottoms of 
ships, the error was on the safe side — increasing the stability 
above the amount assigned by the calculations thus made. 

In consequence of Mr. Fronde's propositions, deep empty 
spaces in the bottoms of ships were introduced by Mr. Reed, 
as he stated in his ' Lecture at the Royal Institution, 
*^ expressly to facilitate the raising the engines, boilers, and 
^^ other weights, because it has been ascertained that the 
'^ tendency of ships to roll has been reduced by these means ;" 
this caused the errors to be on the unsafe side, that of de- 
creasing the stability below the quantity assigned by the 
calculations. 2nd. The calculations proceeded on the further 
hypothesis that the centre of pressure of the water is always 
at the centre of the immersed figure, whereas it is demon- 



strated, in Appendix A, that it. is always much lower; — the 
effect of the former is to assign to every ship greater stability 
than she possesses. 

With the distribution of weight formerly practised and 
the then mode of calculation, there were two errors; one 
counteracting the effect of the other, and thus giving a 
result near the truth, and so the old ships were comparatively 
safe, though the reason was unknown, as the moments of the 
sail agreed well enough with the moment of stability thus 
deduced, it was supposed that the method of calculation by 
which the latter was arrived at was correct. 

But when the weights came to be distributed on to the 
sides and empty bottoms given to ships, both errors were 
brought on the unsafe side, that of assigning, for two reasons, 
a greater stability than they possessed. 

These were the reasons why the " Sultan " and '^ Invin- 
cible " class required so much ballast to make them less 
dangerous, and not, £(,s was stated, because an equal weight 
had been omitted from their hulls in the course of con- 
struction. 

This is an untenable afterthought, for Mr. Keed, in 
his letter in the Times of November 7, writing of the 
" Vanguard " class, wrote, " it would probably be necessary 
'^ to correct the centre of gravity by ballast, observing that 
*' 100 tons of cheap pig iron in that form would serve the 
" same purpose as 200 tons of expensive iron distributed 
" throughout the hull, and wrought into the structure." 

Therefore, on this premiss, 360 tons of ballast, the 
quantity placed in these ships, would require the omission of 
720 tons of iron from the hull generally, during the con- 
struction, to justify the assertion that this amount of ballast 
only placed the centre of gravity where it was intended to 
be — ^yet, no one pretends that even half this quantity tj^s 
omitted, and it is incredible that 500 tons could have been 
omitted from thle bottom of the " Sultan," so low down as 
where that quantity of ballast was placed, or 360 tons from 
the bottoms of the '^ Invincible " class, still more impossible 
that these quantities could have been omitted consistently, 
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with an adherence to the specifications under which these 
ships were built, or with the sanction of the Admiralty 
Officers- superintending their construction. 

Moreover, we have an entirely different explanation given in 
the Blue Book, which states that " the metacentric height 
*' of the * Iron Duke ' was three inches higher than that of 
" the * Vanguard,' and that there was a difference of five 
" inches in their immersion," adding, that " this difference 
" in the metacentric heights of the two ships may be due 
** to a difference between the actual and the calculated 
" weight of water ballast in the * Invincible,' or to a small 
** variation in the dimensions and form of the ships, or in 
" height of decks, or to alterations in the detailed arrange- 
** ments of works of hull, or fi-om these causes combined, all 
" of which often operate to cause some dissimilarity in ships 
** built from the same designs/' 

The fact is, no reasonable explanation has yet been given 
by these gentlemen of their great blunder. That such it 
was, is clear from what the First Lord of the Admiralty said 
in the House — '^ an error was made in the construction of 
those ships, and to correct that error it was necessary they 
should carry 300 tons of ballast." 

How unjustifiable was the reduction of the stability 
below that of known good ships, and particularly so low as 
that nominally represented by two feet of metacentric 
height, may be gathered from a report of the late Controller, 
who, after comparing the rolling of the ships of two squad- 
rons, English and French, said the '^ ^ Solferino ' stands 
" alone as a type of excellence," and the same report gives 
her metacentric height as 4*5 feet : — more than double the 
height assigned to the '^ Vanguard I " And when allowance 
is made for the fact that the " Solferino's '^ weights were 
down on her heavy bottom, her true metacentric height must 
have been quite four times greater than that of the '* Van- 
guard ** or " Sultan " class, and yet we have been building 
very low freeboard ships, — with only 3*5 feet of metacentric 
height, and even less, and these with light bottoms and 
empty spaces. 
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We are told in Naval Science that 8*64 feet, the meta- 
centric height of the Russian ship, *' Peter the Great, ** is 
nearly double that of the " Devastation," Le.^ at least 4*32 
feet. The Times correspondent informs us, on authority not 
to be disputed, that the " Devastation's " metacentric height 
is 3*5. We cannot believe that the addition of topsides and 
the increase of accommodation for the men could have occa- 
sioned this difference, for though she has a ^' deck load," yet 
400 tons of coals have been omitted. 

If this top weight has had the effect of reducing her 
initial stability by the large amount these figures imply, it 
is an instructive comment upon the arguments to prove her 
more safe for the operation she has undergone ; this is surely 
heroic treatment, kill or cure. 

It is said that on one occasion the ^' Devastation ^ gave 
so deep a lurch that all hands rushed on deck thinking she 
was not going to rise again ; possibly had she been struck 
with a sea at this critical moment, as the ^' Captain" was, we 
should have had another proof of the folly, to use a mild 
term, of giving ships small initial stability and deep empty 
spaces in their bottoms. 

We by no means intended by what we have written to 
imply that no ships are lost because of being badly con- 
structed or from being ineffectively repaired, or from being 
insufficiently found, or that there was no need for the in- 
quiries initiated by Mr. Plimsoll. We think there is great 
need for interference and for a limited amount of legislation, 
but we are fully assured that the owners and underwriters 
are not always, or the only people, responsible for the pre- 
ventible disasters amongst our shipping. 

We have shewn, page 75, Appendix A, the enormous effect 
of a mistake to the extent of one-eighth of an inch in the 
length of the lever of stability. Nor can it be otherwise 
than that there will be great and fatal mistakes, for the 
means employed to ascertain the length of this lever are 
erroneous. 

This lever commences and increases with the angle of 
inclination. When a vessel is upright, the centre of buoyant 
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support is in a vertical under the centre of gravity, and as 
the vessel inclines, one side is more immersed, the other side 
emerged more, consequently the centre of buoyant support 
passes over to the side that is most immersed, and then the 
line of support passes up on that side of the centre of 
gravity— the horizontal distance of the centre of gravity 
from this line is the lever in question. 

The length of this lever depends on several conditions ; 
the amount of inclination, on the form and volume of the 
solids of immersion and emersion at any given angle, and 
upon their specific gravities, together with the differences 
between their specific gravities where they differ, and the 
specific gravities of the remaining portion of the body. 

Now the calculations which we aflSrm to be dangerous 
proceed on the assumption that the solids above alluded to 
are equal isosceles and right-angled triangles, that a ship 
rotates round a fixed point in the middle of the load water- 
line, and that the new water-line bisects the old ; that there 
is no rise or fall of the centre of gravity as the ship inclines, 
and, with other assumptions, that the multiplicity of minute 
measurements made on a very reduced scale are accurate. 

Yet these are never true. 

Moreover, these calculations proceed on the further as- 
sumption that the specific gravities of these solids are alike 
uniform with those of the remaining portion of the body. 
This assumption is founded on another, t.e., that the im- 
mersed body assumes the conditions of the fluid it had 
displaced. We may ask, if so, why has it not assumed its 
fluidity? 

And then proceed on the further assumption, that the 
pressures on the immersed portion of ships are always uni- 
form. This is not so, for as the ship assumes the place of 
the displaced water, she is subject to pressures increasing 
with the depth. 

We need hardly say that these unreasonable assumptions 
are all contrary to fact, and are more extensively so in iron- 
clads with heavy armour and empty bottoms. Therefore all 
calculations as to the length of this lever thus made are 
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erroneous, and, because of assigning a much greater length 
than Is the fact in ironclads, are extremely dangerous. We 
have seen in proof of this, that there was a difference in the 
metacentric heightg of the sister-ships ^^ Iron Duke '* and 
"Vanguard,'' amounting to 3 inches, or one-eighth of the 
whole quantity. This represents a great many one-eighths 
of an inch. To account for this, a number of things were 
suggested, one or more of which were supposed to have been 
the cause. It might have been added with truth, that none 
of them may have contributed to the result. We are not 
told why the omission of weight from the bottom during 
construction was not suggested, as in other cases, as being 
the cause. 

We have seen also the enormous blunder in all these 
ships, requiring 360 tons* of ballast to correct. With equal 
propriety it might have been suggested that, as in the " Iron 
Duke,'* increased dimensions may have been the cause of 
the reduced immersion of the "Vanguard*' and sisters, 
instead of the convenient assertion that it arose from the 
omission of an impossible weight from their " very hot- 
toms." 

All this inconsistency and looseness establishes the un- 
reliableness of the current modes of calculation. Moreover 
it is said that in action the ends of the " Inflexible," which 
are unprotected by armour, are to be filled with water, and 
that " directly the water is allowed free access to the ends 
" above the armoured deck, the only reserve of buoyancy is 
" that afforded by the central citadel, but this will be assisted 
" by a belt of cork, 9 or 10 feet in depth, resting on the 
" armoured deck — a plan suggested by Sir Wm. Thomson." 

That is, when by this increased immersion the ship is in 
greater danger of capsizing from being deficient in stability 
or from being run over by a ram, she is furnished with this 
cork to save her I The attempt is certainly due to her crew. 

This life-helt will be eflBcacious in proportion to its 
volume, nearness to the water-line, and its horizontal distance 
from the centre of gravity, together with the smallness of 
its own specific gravity. 
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The principle is that which the writer has been years con- 
tending for, and whether it be perceived or not, it is cleariy 
an admission as to the correctness of views herein and long 
since enunciated by him, and likewise an admission as to the 
incorrectness of the received mode of calculating stabilities. 

We are assured that the only hope of safety from num- 
berless disasters, both in the Royal Navy and in the Mer- 
chant Service, lies in the adoption of the methods we pro- 
pose in lieu of the dangerous assumptions we have exposed. 

It may be asked, how it is that the system objected to 
has served for so many centuries ? The answer is easy acd 
complete. Owing to the heavy bottoms and to the heavy 
weights being placed down in them, while buoyancy was 
preserved near the load water-line, there was a large margin 
of error on the safe side which was not seriously affected by 
smaller errors that occurred on the unsafe side. 

When, in accord with the Froude-Reed destitute of 
stability system, ships were built upside-down, ie., with 
light bottoms and empty spaces in them, and with an accu- 
mulation of weight near the load water-line, the margin of 
error was moved to the unsafe side, and though these ships 
were only saved from capsizing by a reversal of the principle 
upon which they were designed, their designers will not be 
persuaded that their fatal disease was want of stability, but 
still contend that their scheme was good, because these ships 
possessed, equally with the French " Oc^an " class, a nominal 
stability represented by 2 feet of metacentric height, and the 
French ships were sailed and did not capsize, forgetting that 
their metacentric height was 2 feet margin on the safe 
side, = 2 = 2, or 3 feet, while that of the *^ Vanguard " 
class was 2 feet — the margin on the unsafe side = nothing 

pr little ! 

The Admiralty Constructors say truly, that ^' their calcu- 
"lations do not enable them to determine, what is the amount 
«^of stability which is necessary for a ship to render h6r safe 
*' as a sea-going sailing ship. We can merely compare the 
" amount in one ship with another." 

We have demonstrated that they cannot do even this 
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latter, that their comparative estimates are radically wrong 
and dangerous ; moreover, that the assumptions upon which 
their calculations are based^ i.e.j that a ship revolves round 
a point in the midship section at the water-line or round the 
centre of gravity, and that an equilibrating lever, or lever 
of stability, giving a correct estimate of the stability, is 
attainable by their system, are untrue and as little worthy 
of belief as is any other of the most untrue of popular 
superstitions. 

For even were their premises true, they are not worked 
out with mathematical accuracy. But their premises are not 
true, inasmuch as they assume an axis and a point in this 
axis as the origin, a point which has never been determined, 
and that which they have assumed is not the true one. 

Therefore, to continue to design ships on such an hypo- 
thesis, and to support colleges and schools to extend and 
give permanency to such views, is to hinder progress and to 
guarantee waste of life and treasure. 

Meanwhile we have shewn much as to the chaotic condi- 
tion into which naval construction has been brought, 
naval architects and mathematicians practised in naval 
matters being our witnesses, and while we have demon- 
strated the great danger of specific errors arising both to the 
Navy and to Merchant Ships, we have indicated the direction 
in which a remedy is to be sought. 

We have placed the purely mathematical arguments in 
an Appendix, giving those only in the body of the work that 
may be easily comprehended, as we contend that no oflScer, 
whether of the Navy or of the Merchant Service, should be 
without a knowledge of the subject. 

We have selected the simplest forms for illustration, and 
all of exactly the same dimensions and form, and have 
arranged the weights in all the figures so that the centre of 
gravity shall be in the middle of the load water-line of each, 
that thus the question should be divested of complication 
from there being only one variable. 

We have given diagrams of a typical ship formed by 
definite mathematical curves, horizontal and vertical, for the 
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purpose at once of calcularting all their elements with accuracy 
and affording greater facility for making them* The curves 
may be adapted to any dimensions^ and should it be found 
necessary or be desired to adopt a different form, this can be 
done without diificulty. 

The centres of pressure are given for each quarter ; from 
these can be determined those centres for the system com- 
bined. 

The computations are made on the hypothesis that the 
weights in the immersed body are equally distributed. Any 
departure &om this conditi(»n should be allowed for. 

Any departure from the typical form should be allowed for. 

The calculations give absolute^ instead of mere relative^ 
quantities as by the current system. 

Unreliable calculations, that now occupy two months 
to complete (see Evidence, " Captain's" Court-martial), may 
be made with accuracy in two days. 

Owing to the fact that hundreds of men are yearly being 
drowned in consequence of the foundering of their ships, 
and the Plimsoll Commission being unable to recommend 
any legislative measure to protect them, doubtless from the 
conflict of evidence as to the causes of these sad losses, 
we felt that it was imperative at once to publish, leaving 
for a subsequent publication more extended proofs and 
illustrations of the truth and value of the system herein 
enunciated. 

We have thus far done that which we believed to be 
imperative for the protection of life and the benefit of our 
country : nevertheless, we shall not be surprised to find men 
repeating their endeavours to mislead the public ; knowing, 
however, from communication with scientific men in this 
and other countries, that we stand not alone in our hostility 
to the dangerous conceits introduced of late into Naval 
Architecture, we shall be unmoved by the vilification of 
those who are unable to answer our arguments and who 
cannot see that it is for their interest to accept them — cresting 
assured that our views must eventually prevail. 
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DISCUSSION. 



1. The all-important question is, are our ships safe ? Do 
the facts justify the conclusion that they are so? We think 
not. And if we continue under a false security, misrepre- 
sentations and evasions can only make matters worse. 

2. That there exists a wide-spread and well-grounded 
distrust is clear, for we have — 

3. A 9,000-ton ship sent to sea, with a small ship as a 
nurse to her^ for so small and so different a vessel could not 
have been intended as a standard of comparison. 

4. A number of great ships only are saved from capsizing 
by being very heavily ballasted. 

5. An officer, many years in the Constructive Department 
of the Admiralty, says, "the loss of the ^Captain' caused 
" very great attention to be paid to the curve of stability : we 
** never had given much attention to it before ;" — than which 
a more damaging admission to the reputation of a great 
building department could not be made. The loss of a huge 
ship of war, with 500 souls, necessary to stimulate the 
responsible authorities to give much attention to the vital 
elemeut of stability ! 

6. Then we have J. C, an able writer, saying in reference 
to a paper by Professor Rankine, entitled, ^' Eemarks on the 
** Stability of Mastless Ships of low freeboard as affected by 
" the Waves," based upon a formula obtained by Mr. Froude, 
framed on the following assuipptions : — 

" !• That waves are all equal and of a uniform period. 
" 2, That the waves are all of a definite trochoidal form. 
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" 3. That the reaction of the water-pressure on the ship 
" is always perpendicular to the surface of the wave at the 
** part occupied by the ship. 

'' 4. That the time of oscillation of the ship in smooth 
** water is the same for all angles." 

J. C. says, truly, none of these assumptions can be re- 
garded as accurately true, and one or two of them are plainly 
very rough approximations to the truth. For this reason I 
have always regarded Mr. Fronde's formula as exhibiting the 
general aspect only of the rolling of ships in waves, and not 
as affording any trustworthy means of calculating the extent 
of the roll in any practicable case, and adds : — 

** At present I do not see a way to overcome these objec- 
^' tions and difficulties, nor should I regard either method 
" (alluding to one of his own) of investigation as affording 
** trustworthy means of calculating the precise amount of 
" stability which would be required in a new design. The 
^* only safe guide in this matter is, in my opinion, found in 
'< experience with successful ships, and in designing new 
'^ vessels, it appears desirable to provide that amount and 
" range of stability which have proved sufficient in ships 
'* that have been thoroughly tried." 

7. Further facts and proofs might be given, but suffice to 
say that opinions have been adopted which revolutionized naval 
designing: that element in ships which had hitherto been 
considered indispensable, vital, came to be thought an evil, 
and to be given in a dangerously insufficient degree; and 
yet before what we would call such an incredible theory 
was acted on, records should have been produced of many 
ships having been capsized from their having possessed too 
much stability y yet not even one is produced from the whole 
range of history I 

8. J. C. observes, ** The waves of the sea present phe- 
'^ nomena as abnormal as those which gusts and squalls 
" present in air, these phenomena occurring chiefly in the 
" form of great exceptional sea-gulfs (negative waves), 
** foUowed by no less exceptional sea-hills (positive waves) 
" the two together accounting, we think, for many of those 
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'^ disasters at sea which common waves, so far as we know, 
*' do not account for."* 

9. Therefore, a return to the old and safe custom of giving 
a considerable amount of initial stability cannot be too 
much or too soon insisted on, as we shall now proceed to 
prove. Mr. Reed — for we must hold him responsible for the 
anonymous publications in his magazine — states that •^the 
" 'Invincible' class possessed a metacentric height of about 
" two feet before they were ballasted, and that with ballast it 
" was three feet : that it was considered desirable to add 
" ballast in order to give greater initial stability, not to afford 
" increased safety." 

10. The Admiralty authorities state that the metacentric 
height was somewhat less in each case. This metacentric 
height is supposed to give a just estimate of the stability. 

11. Few acquainted with the facts would admit the cor- 
rectness of Mr. Reed's view, or would admit the reliableness 
of the calculations on which either opinion was founded. 

12. There can be no doubt that while unballasted they 
were oflScially declared to be *' unseaworthy," and though 
they were so largely ballasted, by 360 tons, the authorities 
deemed it necessary to reduce their yards and area of sail, 
notwithstanding that these were originally only of the 
dimensions given to sailing ships of not more than half the 
size of the " Invincible." 

13. Before being ballasted the " Invincible'* was reported 
to have heeled 10° in the operation of turning, and 17° when 
this operation was repeated with the addition of a moderate 
wind on her side, without a stitch of canvas set, or all of her 
upper deck weights being in place. We have only to 
imagine sail placed on her, followed by a sudden gust of wind, 
which often doubles the inclination, together with only such 
a sea as was running when the " Captain " was lost, in order 
to present to our imaginations the inevitable fate of these 
ships under such circumstances. 

14. This frightful danger is incurred in order to guard 

* No doubt many disaBters that exceptional seas are made answerable for 
arise from insufficient stability, the result of calulations based on erroneous data. 

b2 



20 

against an alleged remote danger, that of being rolled over 
by an accumulation of inclination gained in successive rolls, 
and to obtain ease of motion for working the guns. 

15. Surely to escape a problematical and distant danger 
does not justify the creation of an immediate and constant 
danger, with many other disadvantages in sailing and steering, 
and one is at a loss to conceive how an inclination of even less 
than 10° could do other than reduce the facility of working 
guns, while with so little stability the mere running out of 
her guns must have inclined her so as to make firing to 
any useful purpose well nigh impossible; while the guns 
being run in and out could not fail to roll these ships so 
much as to destroy all accuracy of fire. Then, with such 
limited amount of stability, these ships could neither steer 
nor sail well. 

16. It is clear, from the extensive alterations made in these 
ships by the Admiralty authorities, by the reduction of their 
sails, and by giving them such a very large amount of 
ballast, that they did not consider them safe with a stability 
represented by nearly two feet of metacentric height ; surely, 
then, it is more than doubtful whether less than two feet can 
be a safe amount for other ships ! 

17. The "Monarch" is shewn to possess a metacentric 
height when her coals and ,provisions are expended of only 
1'28 feet, and only 2*43 when loaded. How can this be a safe 
quantity, when ships with 2 feet are found to be unseaworthy, 
if the current metacentric method gives a true measure of 
stability ? No doubt a small reduction has been made in 
the area of the sails of the "Monarch," but this is clearly not 
enough, for this reduction does not affect her condition in 
bad weather, when the danger is greatest.* 

18. Then we have the '^Inconstant" with 2*2 feet of meta- 
centric height when loaded, and 1'23 feet when light, but 
with 90 tons of ballast in. Can she be safe ? 90 tons more, 

* Even a smaU amount of ballast low down in the ** Monarch " would 
make her vastly more safe, and would improve every one of her qualities ; 
this would have been the course to have adopted instead of that of reducing 
her area of sail. 
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it is said^ has been given to her, all the better, but she is re- 
ported to heel 15° under plain sail; if this be so, we have 
but to imagine her caught by a sea on the weather beam, 
when thus inclining, with a summer squall also, and we shall 
have imagined more than enough of probable causes to 
capsize her; and yet we believe that she, even with her 
greater area of sail and smaller size, is safer than the 
" Monarch." How very much worse would be the condition 
of either if caught in a hurricane ? 

19. True, Naval Science miorm^ us that the " Oc^an** class, 
the French rivals of the "Invincible," have a metacentric 
value almost identical with that which the "Invincible" class 
had before they were ballasted, and the "Oc^an" class are 
reported to be capital sea-boats, *^ steady, and well-behaved, 
" but wanting in stiffness." So far this is in favour of my 
view. He adds, "They are not in as good case as the 
*' ' Invincible ' class, for the draught of the French vessels (said 
" to be 29 feet)* has so exceeded that designed for them that 
" increase of stability by ballast is impossible." 

20. But the fact is, the conditions of the two classes are so 
radically different, that no just comparison by the meta- 
centric method can be made between them. 

21. The " Ocean " class are wooden ships, having heavy 
bottoms, and much of their weight down on them, with low 
centres of gravity. The " Invincible '^ class are iron ships 
with light empty spaces in their bottoms, and a high centre 
of gravity. The former would have a centre of buoyancy 
below the centre of her immersed body ; the latter would 
have a centre of buoyancy above the centre of immersed 
figure, therefore, the actual stability of the former would be 
greater than that of the latter, yet the metacentric method 
assumes that the centre of buoyancy of each was at their 
respective centres of figure, and is, therefore, erroneous. In 
fact, the condition of the former is more analogous to that of 
the latter after they were ballasted than before, as I shall 
subsequently prove. 

* This great draught explains her easiness without supposing her to 
have a high centre of gravity, which no douht is not the fact. 
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22. But to obtam a more full estimate of the danger of our 
ships^ we have but to imagine them caught; in a hurricane^ 
such as that which threw the ** Conqueror," a fine 90-gun 
ship, on her beam ends, though she had not a stitch of 
canvas set at the time. 

23. She was only saved from foundering because she could 
float long enough to be swung round, when the wind taking 
her on the other side set her up on her legs again. 

24. And yet her metacentric height was not simply 2 feet 
nor 3 feet, but 4*6 feet I ! And who is prepared to say that a less 
force of wind and sea, would not have thrown her as effectually 
over, and who will venture to say that any ironclad would 
have survived the crisis the " Conqueror" passed through, and 
yet 4*6 feet does not give the fiill measure of her stability as 
compared with that of ironclads of the same measure, 
estimated by the metacentric method in use, for reasons 
which I will subsequently point out. No doubt some will 
think that there is assured safety in smaller masts, or no 
masts, and that, therefore, equal metacentric height may be 
dispensed with ; to these I would say, the second time the 
** Racer " was capsized she was without masts, having lost 
them on the occasion of her first capsize. No doubt it will 
be found she had little or no ballast, water, or provisions, and 
arising from her form her centre of gravity must have been 
high, high enough to please even the most rabid advocates of 
high centres of gravity. 

25. Thus, supposing the modQ in use of estimating 
stabilities to be correct, even then, these ships are all unsafe 
against such contingencies as those to which they may be 
subjected, — not frequently, perhaps, but still suflSciently often 
to imperatively demand security against them. 

26. While there are such contradictions and anomalies 
arising from what, at best, is but a system of trial and error, 
without rule ; it is incumbent upon all to urge an examina- 
tion as to whether the metacentric height, as determined 
by the current method, affords a correct measure of stability. 

27. The evidence goes far to prove that it does not; 
and that neither the " Invincible '^ class as designed, nor 
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" Captain/^ nor " Monarch," nor indeed any of our iron- 
clads possess the amount of stability assigned them by their 
respective metacentric heights. 

28. The '^ Captain ^^ heeled 4 degrees by merely turning 
her guns round to the leeside. 

29. The first broadside fired by the *^ Captain" made her 
roll 2° each way. 

30. The ** Monarch'' *' cannot lay her guns fairly when all 
*^ are run out on one side, owing to the heel t^iey give 
'' her." 

31. Now, it is impossible that such small weights moved 
such smaU distances could heel vessels of 6,000 or 7,000 tons 
if they possessed the stabilities that 2*6 feet or 2*43 feet of 
metacentric height is said to indicate. 

32. Mr. Pearce, of the firm of Elder and Company, 
" always found * Invincible ' sit upright, but, as she went 
'^into Plymouth before ballast was put in, sitting on her 
" bilge. Supposes she has three positions of stable equili- 
" brium ; believes she would have proved stable if unmasted." 

33. How is it possible she could have sat on her bilge, or 
have had three positions of stable equilibrium^ if she really 
had possessed the amount of stability indicated by nearly 
two feet of metacentric height? or how could she have 
manifested the extreme tenderness or tendency to heel 
easily, reported by other witnesses, if she had had the 
determined amount of stability represented by two feet ? 

34. Yet the " Invincible " class was designed, not only 
to be masted, but also to carry a large spread of canvas. 

35. There are other and accurate methods of estimating 
the amount of actual stability ; between these and the meta- 
centric method we find enormous discrepancies. 

36. Thus when the " Sultan" was first tried at the measured 
mile, she heeled, in turning, 10°, and at her second trial, after 
nearly 500 tons of ballast had been placed between her 
bottoms, she heeled only 1^°. That is, an equal and similar 
force occasioned more than six times the amount of inclina- 
tion under the former conditions than it did under the latter. 
In other words, her stability, allowing for errors of observa- 
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tion, was six times as much under the former, as under the 
latter circumstances. 

37. We do not know what her metacentric height was in 
either case, but it cannot have been very different from that 
of the ^' Invincible," relatively it may be considered alike. 

38. The " Invincible" inclined 10° also, in turning, and, 
after 360 tons of ballast were placed between her bottoms, 
also in turning, she heeled only a degree or so. That is, her 
stability in the one case was more than six times greater than 
in the other; yet we are told that her metacentric height 
when she heeled 10^ was nearly as much as 2 feet, and 
that when she heeled very little it was only 3 feet. In 
other words, the metacentric height being the measure, her 
stability was said to be increased by the ballast only in the 
proportion of 2 to 3 instead of as 1 to 6, as given by the 
angles of inclination when turning. 

39. It may be said, that the conditions that each ship was 
subjected to on each occasion of turning were not strictly 
similar; it may have been so; but this is an argument 
that will cut either way, to increase the difference or reduce 
it. The error could not have been great, and would have 
been only one of degree, and not of principle. 

40. It has been said that the centrifugal force, which does 
not obtain when the ships are inclined in the basin, will 
account for the great differences in the inclinations recorded, 
and the results as to stability given by the two systems, but it 
is diflBcult to imagine any difference on this account, certainly 
to suppose any of considerable amount, since the centrifugal 
force obtains in both cases of turning, and it is greater in 
proportion to the quickness in turning, and we think it will 
be found that vessels will turn quicker when the angle of 
inclination is least ; and, if this be so, the increase of sta- 
bility produced by the ballast is greater than the differences 
of angle of inclination indicates. 

41. The centrifugal force in turning takes the place of 
the inclining weight used in the basin. 

42. Whatever may be the inclining force or forces, a suffi- 
ciency of stability must be given to resist them, or danger 
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will ensue ; and, taking the estimates given by measuring, 
the effect of the centrifugal force is the safest as truest ; for 
these are observed facts that multitudes can verify, while 
the estimates from the experiments in the basin are but 
opinions founded upon calculations made on an erroneous 
hypothesis. 

43. The force of the argument proving the incorrectness of 
the current metacentric method, as conducted^ is greatly in- 
creased by the fact that the actual total stability of a ship is 
greater when she is in notion than when it is measured in the 
basin; for, in the former case, there is the same amount of 
statical stability, but to this is added a hydrod^f namic stability 
proportional to the speed with which the ship is moving. 

44. We have seen a record in the Times of the manner in 
which the squadron of ironclads tumbled about, tearing 
themselves to pieces, for want of this headway and addi- 
tion to their practical stability, immediately the amount of 
disturbance of the sea was sufficient to overcome the inertia 
of their iron sides ; proof was thus given that they did not 
possess the amount of statical stability that the metacentric 
method had assigned them. 

45. It is an every-day occurrence, also, to see a boat that 
has lost her way from losing the wind through passing under 
the lee of a ship^ nearly capsizing as she catches the breeze 
after she has passed to the other side of the ship, but stand- 
ing up under her sail more and more as she gathers way 
again. 

46. Nor can it be said that the estimate given by the basin- 
inclining method, as practised, is on the safe side, because a 
vessel, when in motion ahead, possesses a greater total 
stability than her inclination indicates, for it is necessary to 
provide for sufficient stability when a ship is without motion 
ahead, and, therefore, without hydrodynamic stability. 

47. We must not be understood as objecting for the 
present to the use of a metacentric method, but as holding 
that the present method gives too high an estimate of the 
stability of all ironclads, and especially of those that have 
deep empty spaces at or between their bottoms, and it is 
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inapplicable to them, as has been proved by the great inclina- 
tion of such ships in turning, wherein such a great deficiency 
was shown^ notwithstanding the great addition made to their 
total stability by their great speed. The present metacentric 
method, therefore, requires to be modified, so as to obtain a 
true quantitative measure of the statical stability. 

48. To the question, Is not the present system safe? 
we may answer by another. Can there be safety where there 
is ignorance? That there is ignorance, the present Board 
of Admiralty Constructors testify, when they say, **We 
'* have already pointed out that our calculations do not enable 
" us to determine what is the minimum amount of stability 

which is necessary for a ship to render her safe as a sea- 
going sailing ship. We can merely compare the amount 
in one ship with another.^' And, it may be added, this 

cannot be done, even approximately, when the ships are 

radically different. 

49. The clear practical fact is this, that, when without 
ballast, these ships inclined to a dangerous degree, and that 
whatever may have been the inclining force it matters 
not. The previous calculations made concerning them 
were utterly at fault, neither did the calculations made on 
their inclination in the basin give any sufficient estimate 
of their danger or of the true value of their stabilities, so 
that probably had it not been for the previous loss of the 
*' Captain," one or more of them would have been sent to 
sea as designed, and have also capsized and drowned the 
crews. 

50. It is impossible to believe that the metacentric method 
as conducted can give a true estimate of stability, since it 
assigned a metacentric height of two feet equally to the 
" Invincible " class and to the French ^^ Oc6an," and to the 
^^ Inconstant ;" while the '^Invincible" inclined 17° in 
turning: with a moderate breeze and without a stitch of can- 
vas set, the " Oc6an " class are able to carry all sail safely 
and win the character of being capital sea-boats and well- 
behaved. And the '^ Inconstant/* a full-rigged ship, carries 
all plain sail, which is one-third greater than that now carried 
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by any of that class, and without heeling to so great a degree 
as the "Invincible" did. 

51. Taking 3 feet as about the metacentric height of this 
class since they have been ballasted, that before they were 
ballasted could have been only one-sixth that height, or five- 
tenths of a foot ; yet even so much is hardly compatible with 
the ** Invincible " sitting on her bilge and having three posi- 
tions of stable equilibrium. 

52. This being so, for the same reason the other 
empty -bottomed vessels must be deficient in stability when 
compared with that assigned them, and especially so the 
*^ Devastation," which is stated to have a deeper double- 
bottom than any of the above class of ships, while all 
ironclads must be deficient in consequence of the weight of 
their iron-armoured sides. 

53. The late Controller of the Navy is reported to have 
said, that to wait for the result of the inclining experiments 
on the ^'Captain" before allowing her to go to sea would be 
Old Fogeyism. We have not been told in what sense this 
expression was used, but certainly the results as respects 
these ships fully justified the language, and imperatively 
demands an explanation. 

54. The importance of a satisfactory explanation, not only 
as aflFecting the Royal Navy, but, with regard to the whole 
Mercantile Marine, can hardly be over-estimated, nor is it 
easy to over-estimate the responsibility of those who mis- 
represent the facts and throw impediments in the way of 
obtaining a solution of the difficulties with which the ques- 
tion has been surrounded. 

55. We now propose to supply an explanation. 

5%. A floating body at rest displaces as much of the fluid 
in which it floats as is equal to its weight, and the fluid dis- 
placed is of the size and form of the portion of the body 
immersed. The measure, therefore, of the portion of the 
body that is immersed will give the measure of the quantity 
of the fluid displaced, and the weight of this quantity of the 
fluid will be the total weight of the floating body. 

57. The amount of the floating body remaining above 
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water will be proportionally great as the mean specific 
gravity of the immersed body is less than that of the fluid in 
which it floats. 

58. The resultant of the downward pressure of weight 
may be considered as collected in the centre of gravity of the 
system as the centre of the upward pressures may be con- 
sidered as collected in the centre of gravity of the wetted 
surface or of the fluid displaced. 

59. The body in passing to a state of rest vdll follow the 
law of least action, and will attain that state when equilibrium 
is established between the downward and upward pressures ; 
and though these two forces may be equal and opposite, yet 
it is absurd to say they do not always meet, as is stated in 
Naval Science, ^Hn the same point.'^ When disturbed from a 
state of rest by a force from without, a new state of things 
ensues. 

60. Water being homogeneous, the centre of the figure of 
any volume displaced by a ship would be its centre of gravity. 

61. If the immersed joor/zon of the ship be also homo- 
geneous, the centre of its figure will be its centre of gravity, 
and also, will coincide with the centre of the buoyant effort 
of the immersed body when upright, and when inclined also. 
If the volumes immersed and emerged by the inclination are 
also homogeneous and equal, and of like specific gravity 
with that of the body first immersed, the centres of gravity 
of the whole system and centres of buoyancy will be in the 
same vertical plane passing through the middle of the ship. 
If, however, these are unequal in volume and in specific 
gravity, then none of the centres will coincide, and the centre 
of gravity of the whole body will not be in the middle 
plane of the ship. Because these centres vary more or less 
with the inequalities and with the inclination, ships will be 
unequal in their stabilities and behaviour on one tack or 
side or the other, just what is sometimes observed by sailors 
to be the fact. 

62. If, however, the immersed body be made decidedly 
heterogeneous, then its centre of buoyancy* may no loncrer 

• On the contrary, by centre of buoyancy here is meant the centre of that 
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be coincident with the centre of figure as previously was the 
case, but may be above or below it, for the process of 
making the bpdy heterogeneous was by concentrating the 
weights, and so increasing the specific gravity of some por- 
tions, thus decreasing their buoyant power ; while this con- 
centration reduced the specific gravity of other parts, it 
increased the buoyant power of these parts, and in propor- 
tion moved the centre of buoyancy from the position it 
occupied when the body was homogetieous. 

63. For greater clearness, and that there shall be only 
one variable, it is assumed that the movement of the weights, 
above alluded to, is so adjusted that the centre of gravity is 
retained in the same position throughout the changes. 

64. We may consider the further effect of making the 
immersed body thus heterogeneous, i.e., some parts of very 
much greater specific gravity than others, and contrast the 
effect of this with that which obtains when the weights are 
equally distributed throughout, and therefore when the 
centre of figure and the centre of buoyancy were coincident. 

65. The immersed body may be made heterogeneous in 
any direction, but if the two sides be not symmetrical, then 
the centre of buoyant effort of the body being carried over 
to one side or to the other, it will produce an inclination 
from the perpendicular, and thus reveal the defect. 

We need, therefore, only consider the effect of the motion 
of the centre of buoyancy in two directions, those in the 
vertical line, one higher, the other lower than the centre of 
the figure. 

66. We will first suppose the immersed portion of the body 
to be made heterogeneous by making the part above the 
centre of figure lighter than the part below the centre of 
figure without altering the height of centre of gravity. The 
centres of the immersed body now would no longer coincide ; 
we should have the centre of buoyant effort of the body above 
the centre of figure, and more, we should have the centre 
of gravity of the immersed body below the centre of figure ; 

portion of the immersed bodj that is of less specific gravity than the water, 
and possesses buoyancy or floating power in proportion. 
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when the ship was upright in still water no effect would be 
perceptible. 

67. We will assume the solids of immersion and emersion 
to be of like homogeneity with the upper portion of the 
immersed body ; then, when the vessel was inclined, there 
would be an attempt of the light upper part to pass 
up into the perperidicular, and of the heavy lower part 
to return dottn to the perpendicular position it was pushed 
from. 

68. Or, to put it in another form, the centre of figure by 
the inclination would be moved out towards the lower side 
a distance proportional to the form and volume of the solids 
of immersion and emersion ; but the centre of buoyancy of 
the body would also be moved out a like quantity, but its 
distance being measured off parallel but from a point higher 
up, would cut the perpendicular higher up, and to that 
amount would add to the stability, as deduced from the 
motion of the centre of figure. 

69. We will now suppose the heterogeneity to proceed 
from the immersed portion behto the centre of figure being 
made much lighter than that above the centre of figure, 

70. The centre of buoyancy of the immersed body will 
be below the centre of figure, and the centre of gravity of 
the same would be above the centre of figure ; while the 
ship is upright in still water this will be imperceptible, but 
when inclined the centre of buoyancy of the body would 
tend to rise, and the centre of gravity would have a tendency 
to go down, and to reverse the body, and this power would 
increase with the angle of inclination. 

71. Or, in other words, when the vessel was inclined, by 
by this action the two centres would be moved out a like 
distance towards the lower side, but the centre of buoyancy 
of the body being below that of the centre of the figure, its 
distance would be measured off from thence, and would fall 
short of the line of pressure by a quantity ; that quantity 
would be negative^ and therefore must be deducted from the 
distance deduced from the position of the centre of figure. 

72. Or to put it in another form. If the whole immersed 




a h waterline when upright. 

of h' „ „ inclined. 

X y solids of immersion and emersion. 

Q centre of grayitj in each case. 

c centre of buoyancy when body is homogeneous ; c' the same when inclined. 

c* centre of buoyancy when the body is heterogeneous from upper part being 
lighter than lower half ; (?' the same when inclined ; and w? is the 
metacentre. 

c* centre of buoyancy when body is heterogeneous by upper part being 
lieavier than the lower half ; c^ the same when inclined ; and ve^ the 
metacentre. 

Buoyancy is the hydrostatic pressure that supports any body floating in 
a fluid. It is equal to the diflerence between the mean specific gravity of 
the floating body and the fluid in which it floats multiplied by the displacing 
volume. ^ 

When there are great diflerences in the buoyancies of the parts of 
floating bodies such as ships, the amount of these diflerences must be duly 
estimated and allowed for, or danger will ensue. 

The four adjacent pages are taken from a previous publication as better 
explaining our meaning than the previous. 
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body, together with the solids of immersion and emersion, 
X and y, are homogeneous, then will be the centre of 
buoyancy, and the centre of figure (on the hypothesis that 
these last two are identical), and if the vessel be inclined 
by a force to a given angle, the centre of figure and the 
centre of buoyancy will move out togethei to C. 

73. If the body be heterogeneous by the upper half, 
together with the solids of immersion and emersion, being of 
less specific gravity, and therefore more buoyant than the 
lower half, then C^ will be the centre of buoyancy, and when 
the vessel is inclined to the same angle as before, will move 
out to C^', while C, as before, will be the centre of figure, 
and will move out only to C. 

74. If, on the contrary, the upper part of the ship be of 
greater specific gravity, and the solids of immersion and 
emersion so also because of the heavy armour, and the 
lower half of much less specific gravity because of the large 
empty spaces in the bottom, then the centre of buoyancy 
will be, say, at C^, when the ship being inclined to the same 
angle, it would move out to C^. 

75. If now perpendiculars to the water-line when inclined 
be drawn from C^', C, and C'', respectively, these will cut 
the perpendicular when upright at m^, ?w, and rr?. The 
power required to incline the vessel under the diflFerent 
conditions will be proportional to the distance of the above 
points m*, m, and m^, from G, the centre of gravity, and 
the respective stabilities will be in like proportion. 

76. The arrangement of weights in which the centre of 
buoyancy is highest will have much the greatest stability, 
and that with the buoyancy lowest will be by much the 
least. 

77. That there may be an indefinite number of variations 
in the disposition of the weight, without necessarily moving 
the centre of gravity, is shown by a comparison of the 
*^ Qaptain " with other ships, and also an indefinite variation 
in the disposition of vacant space, which is but the converse, 

* The moyements of the weights is so adjusted as not to change the 
position of the centre of grayitj. 
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also without chaBging the position of the centre of gravity, 
is also shown. Thus the ** Captain " had the lowest centre 
of gravity of the following ships^ yet she also had the largest 
proportionate amount, if not also the largest actual amount^ 
of vacant space below the centre of figure : — 

Inches. 
Centre of grayity of Achilles helow load water line . . 18 
„ Captain „ ..89 

78. The first case of heterogenefty explained above 
represented the condition of the old ships, and the latter 
case that of the new ironclads that have empty vacant space 
in their bottoms. 

79. I have assumed above that the centre of figure is, as 
is asserted generally, also the centre of pressure of the water 
supporting the ship ; which is true till motion commences. 

80. In answer to our objection to the dangerous expedient 
of placing large empty spaces in the bottoms of ships, Mr. Reed 
wrote, "Everybody knows that a fodli&h architect might make 

the vacant spaces between the bottoms dangerously large for 
the size of the ship, and that the proper amount should be 
" determined by calculation ;" therein admitting that the con- 
dition of homogeneity and heterogeneity was very real. He 
appears now to have retreated from that position, though 
true ; surely, on so momentous a subject, a person who pro- 
fesses to teach " naval science " should, if he thinks he has 
found out his mistake, instead of ridiculing others for think- 
ing as he once thought when he penned that passage, should 
confess his blunder, and offer proof that his new view is cor- 
rect, viz., that the equal or unequal distribution of weights 
in a ship, supposing only the centre of gravity to be retained 
in the same place, makes no difference in the stability of a 
ship. 

81. This he could not do while he continues to treat 
weights and buoyancies as different entities, in calculating 
the strains on ships produced by the unequal distribution of 
weights and buoyancies. 

82. Mr. Merrifield wrote in the Times disparaging our 
views, and trying to stop inquiry, charging us with " count- 
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" ing a ship's weights twice, once being enough." Mn Seed 
affirms his judgment, and yet these gentlemen ought to 
know that the calculations or counting of weights, made to 
determine the position of the centre of gravity, takes no 
cognizance of buoyancy, and still less of the centre of 
buoyancy, which was that of which we had written. 

83. These gentlemen ought to know that the weights may 
be distributed to the sides or ends, or upwards or down- 
wards, or may be on the other hand all centralized so far as 
space will admit, and yet the centre of gravity might be 
retained in the same point, and that these ends or sides will 
possess greater buoyancy in proportion as the weights are 
centralized. That the centre of buoyancy of the fore-body 
will move out from or move nearer to the middle transverse 
line of the ship as the weights are centralized or moved 
forward, and so likewise of the after-body and sides, and 
these weights and buoyancies, and not weights only, as 
Mr. Merrifield and Mr. Reed would teach, in fear of counting 
twice, must be taken account of whenever they are moved 
or first placed, if we would know the relative strains on 
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86. The following illustrations and arguments will esta- 
blish that there is no change of law such as would be re- 
quired if these gentlemen's views were correct, and that the 
moving of weights in the vertical plane may make a more 
radical because more dangerous change, than moving weights 
in the horizontal plane. 

87. We will suppose the specific gravity of the water in 
which a series of bodies float to be 1,000. 

88. We will suppose these bodies to be made up of six 
sections in each of exactly the same dimensions, and each 
body to be of the same total weight, but, except in Fig. I, the 
sections to differ in the specific gravities by pairs and be of 
the amounts marked on each. 

89. These bodies to be so arranged that they all float at 
the same depth and with their centres of gravity all in the 
middle of the load water-line. 

90. The mean density of each body with its six sections 
is half that of water, therefore they will all float with half 
their body out of water. G, the centre of gravity of each, 
will be similarly situated in all in the load water-line a b. 

91. We will assume, according to the received opinion, 
that C in the centre of figure is the centre of upward pres- 
sure. 

92. Now, if we remove section 6 from Fig. I, the equili- 
brium of the remaining portion will be undisturbed, as G will 
move to G', and C will move an equal distance to C, while 
the remaining body will preserve the original load water-line 
a 6, and this will be so, because when we remove section 6 
we remove an equal amount of buoyancy and of weight, and 
therefore equals remain, and balance each other. This 
Figure illustrates the condition of homogeneity when it 
obtains in a ship, and the only condition discussed by the 
great writers on naval architecture, and the only condition 
to which their metacentric method can be applied with any 
approach to safety. 

93. We now take Fig. II, a heterogeneous body of the 
same weight as Fig. I, as though weight is taken from sections 
2, 3, 4, and 5, it is added to 1 and 6, and though it is made up 
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of sections of unequal densities these are distributed in pairs 
of equal density at equal distances and opposite sides of the 
centre, and so also as to buoyancies, they are equally dis- 
tributed on opposite sides of the centres of the immersed 
figure, so they also balance each other. 

94. While the floating body was of uniform density we 
could with safety deal with the question in the aggregate, and 
be content with the abstract fact, that water being of uni- 
form density one foot gives out an equal buoyant effort with 
any other, and, therefore, that any one foot of the body 
would be equally supported with any other ; but now that the 
densities of the different parts of the floating body, or 
congeries of bodies, are unequal, we must consider the prac- 
tical fact, whether and what parts are or are not water- 
borne, i.e., what is the amount and direction of the resultant 
forces on each part, both of buoyancy and of weight ? 

95. For though the pressure of each foot of water simi- 
larly situated will be the same, yet the degree in which any 
portion of a body, floating on it, will yield to that pressure 
will depend on the specific gravity of this portion. 

96. If the weight in any given section is greater than the 
buoyancy or displacement of that section, then the resultant 
force in that section is more or less downwards ; if, on the 
contrary, the buoyancy of any section is greater than the 
weight of that section, then its resultant is upwards ; nor is 
this matter of opinion, but is a fact recognized in various 
ways. 

97. In Fig. n the resultants of 1 and 6 would be down- 
wards. In other words, did this figure represent a ship length- 
wise, the weight would be borne up by the middle sections 
and the two ends would droop, exercising a breaking strain 
equal to the deficiency of buoyancy and their distance from 
the middle, producing the condition in a ship known as 
*^ hogged." 

98. Line-of-battle ships before the introduction of Sir 
R. Sepping's system of trussing, used to break their sheer, 
or hogg 1 3 inches on being launched. 

99. If we imagine the sections at once to separate, then 1 
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and 6 would sink, 2, 3, 4, and 5 would capsize, and would 
arrange themselves with their longer axis horizontal. 

100. If we remove section 6 from Fig. II, as in Fig. I, the 
equilibrium of the remaining portion will be destroyed and 
it will capsize, the resultant force of 1 being downwards and 
greatest; the body will adjust itself with that section 
horizontal, and at the bottom, section 5 being uppermost, 
and the body from losing the great buoyancy of Na 6 will 
sink deeper, and its centre G will no longer be in the load 
water-line. 

101. The cause is the following in removing section 6, a 
large amount of weight is removed, therefore, the centre of 
gravity of the remaining portion is moved very much to the left, 
so that the resultant is moved into section 1 and downwards, 
while as little or no buoyancy was removed, its centre remains 
the same and resides in section 4, which is upwards^ so these 
two, 1 and 4, the resultants acting as a couple rotate the 
body to the left, and till the centres place themselves again in a 
vertical but at right angles to the former vertical when at rest. 

102. If now we examine Fig. Ill, where the arrangement 
of weights is inverted, we shall find that the resultant of the 
two ends is upward, and the two centre sections downwards, 
producing the condition formerly experienced in steamers 
with their great weights in the middle, making the resultant 
of these sections to be downwards, producing the condition 
known as ^^ sagging." 

103. If we remove section 6, as in the other cases, the 
body will capsize, but now in an opposite direction, and the 
body will adjust itself with section 1 uppermost as it will be the 
lightest, because in the operation of removing 6, we have 
taken away a great amount of buoyancy but very little 
weight, therefore, the centre of gravity has moved very little 
to the left and residing in section 3, the resultant of which 
is downwards; but the centre of buoyancy is moved to 
section 1, the resultant of which is upwards, these two 
forces act as a couple, and rotate the body till these centres 
adjust themselves in the vertical line, which will be when the 
position is at right angles to the former. 
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104. The above stated results establish beyond question 
that enormous differences are produced by an unequal distribu- 
tion of weights and buoyancies, for if the specific gravity made 
no difference, if only the centre of gravity were unmoved, 
then the removal of a section of small specific gravity from 
Fig. II, or a heavy one from Fig. HI, would have made no 
more difference than the removal of a section of the same 
size, but of a uniform specific gravity with other sections 
in the body from Fig. I. 

105. If these facts be considered in reference to their in- 
fluence on stability, we shall find that their effect is equally 
great. 

106. In Fig. I, which is of uniform density, the re- 
sultant of every section and every part of every section is 
the same, differing only in power greater in proportion than 
the distance from the centre of gravity or centre of rotation. 

107. Not so in Figs. II and III, where the resultant of 
every section on each side differs from that of every other 
section on the same side both in amount and it might be 
in the direction also. 

108. We have seen the enormous power of sections 1 and 
6 in supporting Fig. Ill, with the total want of power in 
1 and 6 in Fig. 11, these having to be largely supported by 
other sections, so that were it not for this support they would 
sink, — ^which condition must exert an influence for good or 
for ill, giving support or causing a burthen wherever placed 
in water. 

109. Thus, if Fig, II be inclined as in Fig. IV by a force 
from without, then as the specific gravity of sections 1 
and 6 is very great, and the resultant force downwards, the 
immersion and emersion will not only not give any support, 
but will detract from the support given by other sections 
on which this form will be entirely dependent, this distribu- 
tion of weights wUl have very little stability. The less that 
the sections 3 and 4 are so little distant from the centre of 
rotation, and their volume so small ; even with a large angle 
of inclination, with this distribution of weight, the stability 
is not only much less than that assigned to it by the present 
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metacentric mode of calculating, but very much. less than 
that given by the distribution of weight illustrated in 
Fig IIIj where the resultants of 1 and 6 are very great and 
upwards, as will be seen by Fig V, in which a great force 
will be required to immerse a greater quantity of No. 6 
section ; owing also to its greater volume as well as small 
specific gravity and great distance from the centre of rotation ; 
also as the position of the body was originally much depen- 
dent upon section 1, an additional force will be required 
to draw it out of the water. So from these causes the 
stability with this arrangement of weights and buoyancies 
will be vastly greater than that assigned by the present meta- 
centric method which supposes a uniform density throughout. 

110. Thus we have seen that spreading the weights out 
unequally and largely to the sides reduces in that proportion 
the statical stability much below the ordinary estimate ; on 
the other hand, doing so in that proportion increases the 
moments of inertia of the sides ; so that when ships are In the 
midst of small waves they will remain comparatively undis- 
turbed by them and easy ; the sides being little buoyant, the 
waves will tend to break over or against them, not having 
sufficient power to lift or disturb the ships, and then relative 
easiness will obtain^ irrespectively of the height of the centre 
of gravity. 

111. But this inertness under such circumstances will 
obscure the want of statical stability, and ships which have this 
arrangement of weights will be reported of, much to their 
danger, by those who are unable to explain the symptoms, 
because of this relative easiness and inertness and obscurity, 
as possessing a sufficiency of stability ; and further it will be 
reported that this easiness is the result of a high centre of 
gravity, when we have seen it may occur quite irrespective 
of the height of the centre of gravity. 

112. But when high seas arise all will be changed; the 
want of statical stability will manifest itself, and if speed be not 
given to such ships for the purpose of obtaining for them 
stability of another kind, they will tear themselves to pieces, 
and if worse weather and seas supervene, they will roll 
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deeply, dangerously^ and possibly over^ proving the inertness 
to be absence of vital power.* 

113. Kwe place Fig. II in the water with its sections hori- 
zontal, as is in Fig. VI, the centre of gravity will still be in 
the load water-line a ft, and, though there is much top weight, 
yet will the stability be considerable ; for suppose this in- 
clined as represented by Fig. VII, a further portion of sec- 
tion 3 must be immersed ; but this cannot be done without 
the application of a considerable power, because of its great 
buoyancy and the distance of its centre from the centre of 
gravity. 

114. Moreover it will be difficult to emerge any portion of 
section 4, bearing as it does so much of the whole weight of 
the body, the more difficult that the centre of buoyancy of 
the whole body is so high. 

115. We may assume that, as each section is in itself homo- 
geneous, when any possess buoyancy, its centre will be some- 
where below the middle of each section, but as section 6 is 
without buoyancy — for it would sink if left unsupported — 
and as section 5 possesses little buoyancy as compared with 
that of section 4, the mean centre of buoyancy must reside 
within the limits of this last section, say at C and 0' ; 
therefore the distance that the centre is moved by the in- 
clination must be measured from this point thus high, which 
will place m high and give a large metacentric height, and 
therefore considerable stability. 

116. On the contrary, if Fig. Ill be placed in the water 
with its sections horizontal, as in Fig. VIII, it is doubtful 
whether it would remain so for a moment if left to adjust 
itself, and this because the centre of buoyancy would be 
so low, and the section near the load water-line being 
without any buoyancy, and therefore not giving any sup- 
port; for suppose that model inclined and held so for 
examination, sections 3 and 4 have no buoyancy, there- 
fore little power will be required to immerse or emerge 
portions of them. Then section 4 has little buoyancy as 

* This will be the fate of the " Devastation " if ballafit or other weight 
be not placed in the spaces between her bottoms. 
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compared with section 6, and therefore the mean centre of 
buoyancy must reside in the latter section^ say at c ; because 
of the small value of ^ and y, the distance that c will be moved 
by the inclination will be small, say to c', a perpendicular 
from which would intersect the original perpendicular below 
the centre of gravity, and hence it is that the body with 
such an arrangement of weights and buoyancy must capsize. 

117. A recent experiment — the copy of an official report 
on which is given in Appendix B — gave practical proof of 
the correctness of these views and those which we have 
long contended for. 

118. Five hundred weight of cork was placed round the 
out- and in- side, near the gunwale, and under the thwarts and 
stem benches of a 30-foot ship's cutter. She was then filled 
within three inches of her gunwale with water, and yet she 
bore up 40 men easily — 14 men standing on the gunwale, 
hanging over by ropes attached to the opposite side, capsized, 
her with difficulty. After she was capsized the men, catch- 
ing by a batten on her bottom, righted her instantly, and 
the 14 men got into her again.* 

119. A similar cutter, but without cork, when filled with 
water sank with less than 14 men, so that they had to swim 
to save themselves. She was capsized by seven men, but 
could not be righted so that the men could get into her, as 
she turned over at each attempt. 

120. It will be observed with what difficulty the first 
cutter was capsized, because of the power of the cork on her 
topsides, and the facility with which that cork came to the 
surface when a slight inclination was given to the boat, and 
the persistent way it sustained, without oversetting, 40 men 
in it, though this involved the necessity of a great amount o. 
top weight. 

121. The condition of this boat is the converse of our 
ironclads. 

• Every morohant ship ought to be compelled to carry a boat of this 
description, to carry her crew comfortably, and fitted with tins of bread, 
preserved meats, and water ; and the quarter-boats of men-of-war should be 
fitted. with cork. 
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122. It would be a valuable experiment to take a third 
cutter, and place even a smaller quantity of cork near her 
keel, with a band of iron round her above of equal weight, 
it would be seen with what facility she would be capsized, 
and the danger in which some of our ironclads are, the 
condition of which she would then represent, and, while 
pains are justly taken to protect the lives of boats' crews, 
plans are adopted that place the lives of whole ships' crews, 
with valuable public property, in grave peril. 

123. Cork has been long in use for making life-boats, but 
that which gives the peculiar value to Sir Wm. Hall's arrange- 
ment, is that all the buoyancy is placed above and mostly 
at the sides above, this makes the boat extremely stiff and 
difficult to capsize, and it facilitates her being righted when 
she has been capsized, whereas in many life-boats a propor- 
tion of the buoyancy is placed low down, this tends to raise 
the weights and the general centre of gravity, facilitating a 
capsize and when capsized making her more difficult of being 
righted. 

124. During the Kaffir War of 1850, the troops were cut 
off from communication with the Cape Colony except by sea, 
the writer designed surf-boats to facilitate keeping open this, 
but it was thought desirable to try other designs than his, 
we predicted that such would capsize, stating our reasons : one 
was built and taken up by us to Buffalo Mouth, we passed on 
to Mauritius for a regiment, on our return there weeks after, 
notwithstanding that the dangerous features in her had been 
materially reduced, we found that this boat had turned over 
and drowned her crew. 

125. Her peculiarities were an empty q)ace between an 
inner and an outer bottom and a high centre of gravity ! 

126. We commend this and the unhappy fate of the 
Captain's crew to those gentlemen who persist in advocating, 
neither wisely nor well, deep empty spaces in the ironclads' 
bottoms and high centres of gravity !* 

127. We have been told that the spaces between the 

* The centre of gravity of the " Captain " was lower than that of any sliip 
in the Navy ! 
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bottoms of ironclads were not made deeper for the purpose 
of raising the weights. But it must be admitted that Mr. 
Beed ought to know what was the intention of the Admiralty 
Constructors in making those spaces so deep. He said, in 
his Lecture at the Eoyal Institution, February, 1871, '*The 
distance between the double bottoms has been made great in 
recent ironclads, expressly to facilitate the raising the 
engine's boilers and other weights, because it has been 
ascertained that the tendency of ships to roll has been 
reduced by this means." 1 1 

128. In these various figures, we have shown that the 
degree of distribution or concentration of weight may be 
extremely diversified, both vertically and horizontally, and 
yet that the centre of gravity may be at the same height in 
all, proving that its position by no means defines the degree 
of dispersion or of concentration, and moreover, that its 
determination neither determines the position of the centre 
of buoyancy, nor does it show the great evil of undue 
dispersion of weight. 

129. We have also shown that the reasoning in respect of 
the distribution of weight in the vertical plane that is admitted 
to obtain when considering the effect of the distribution of 
weights and buoyancies, longitudinally and transverse hori- 
zontally, must equally hold, unless there be a change of 
law, but this cannot be admitted without proof, and cannot 
be assumed with reason or without danger. 

130. Those mathematicians who devised the metacentric 
method, expressly state that it was only applicable to smaU 
angles of inclination and to homogeneous bodies. 

131. Therefore, to apply it to ironclads with an extreme 
concentration of weight at their sides is erroneous, and it 
assigns them an amount of statical stability that they do not 
possess, and this is aggravated in those that have large 
empty spaces in their bottoms, as they have proportionably 
less stability and are even more dangerous. 

132. This mode of calculation was always erroneous, but 
less so in respect of the old ships as they had heavy bottoms, 
and their ballast and heavy weights were down on them 
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while they possessed buoyancy near the load water-line, thus 
the old ships of the line, notwithstanding their top-hamper, 
possessed a considerable amount of stability, and their 
distribution of weights and buoyancies were analogous to 
those in Fig. VII, as is also the case of the French "Oc^an " 
class;* 

133. While those in such vessels as the " Monarch," the 
unfortunate " Captain," and " Devastation," and the ^' Invin- 
cible " class, and *' Sultan," before they were ballasted the 
distribution was more analogous to that in Fig, VIII, differ- 
ing only in degree, and though the ^* Devastation's " centre 
of gravity be lower than that of the ^* Monarch,**' nay, even 
lower than that of the " Captain," and though she may 
possess greater proportionate beam, yet if, as we suppose it 
is, that the empty space in her bottom is proportionately 
greater, and the weight on her sides proportionably greater 
also, she may approach far too near to the dangerous 
arrangement illustrated in Fig. VIII, to justify her being 
navigated without ballast. True it is proposed by some that 
she shall be subjected to a test that shall set at rest, for ever, 
all question as to her stability and safety, forgetting that 
this cannot be done without capsizing her. 

134. The *' Captain" was tried in a gale and was pro- 
nounced to be perfectly safe, however, on the night she was lost 
she went over to 18°, and no doubt returned from that, and the 
gunner, who was scanning her behaviour with a critical eye, 
said, " I have a good ship under me," but the opinion was 
hardly formulated, if so much, when she went again over to 
18°, but this time never to return ; thus, we have in her case, 
and why not in that of the ^* Devastation,^ half a degree or 
so between what this man thought to be a crucial test and 
total loss ! 

135. And when she was lost it was found to be more con- 
venient to discuss, rather than the proper question, whether 
if she had had a higher side, and the reserve of stability it 
might have given, she would thus easily have capsized ? 

• In consequence, the errors of calculation are as numerous and as great 
as are the differences in the degree of the distribution of weiglit. 
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136. If she had had the amount of initial stability which 
the present mode of calculation had assigned to her, she would 
not have gone over to the first 18**, every property would 
have been improved, and the ship and crew saved, because 
the reserve of stability would have been where it ever ought 
to be, in the excess of initial stability over all inclining 
forces, whencesoever they might come; but she did not 
possess by one-half at least as much initial stability as was 
supposed, or as was necessary, and it is dangerously delusive 
to talk of increasing the safety of the ^^ Devastation '* by 
the addition of a reserve of stability from an increased height 
of topsides, when her initial stability is deficient, and perhaps 
one-half less than is supposed, and this deficiency could not 
have been otherwise than increased by the addition of deck- 
load in the shape of topsides ! and it is infinitely more useful 
and convenient to discuss this question now rather than when 
she is lost. 

137. In placing large quantities of cement ballast in the 
« Sultan," " Invincible " class, " Inconstant '' and " Tamer/* 
and in others that have been reported, not only is the 
centre of gravity lowered many inches, and the stability 
increased to that extent, but the centre of buoyancy is 
raised at the same time, and in proportion as these two 
centres are brought nearer to each other, the metacentric 
height will be raised by these operations, and the stability 
increased beyond that which is generally supposed^ but never- 
theless proved in the " Sultan " and " Invincible " to be the 
fact, by their greatly reduced angle of inclination when 
turning at the measured mile. 

138. If the legislation that may be recommended by the 
Royal Commission appointed to take evidence as to the con- 
dition and equipment of the vessels in the Mercantile Navy, 
shall be based on the supposition that the existing methods 
of determining the stabilities of ships is correct, very lament- 
able results will follow, for Parliamentary protection and 
warrantry will be sometimes given to ships in a very dan- 
gerous condition. 

139. We can have no doubt that many vessels that have 
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been lost have been so, not that they were not well con- 
structed, not sound, not well found or were subjected to un- 
usual gales or seas, but simply because they were improperly 
stowed, a French architect has said, ^* That a bad ship badly 
" stowed was very bad, but that a good ship badly stowed was 
" no better," 

140. We have shewn that it was quite possible to have the 
centre of gravity at the same height in two ships, and yet 
that one should be unsafe while the other was quite safe, 
and, therefore, that the position of the centre of gravity, even 
if known, which it is not, alone is no safeguard. 

141. We have shown that of two vessels of exactly the 
same form and dimensions, one may be unsafe and the other 
safe, quite irrespective of the height of freeboard, both being 
of the same height. 

142. It may be shewn also that it might contribute to the 
safety of a given ship, under certain circumstances, to im- 
merse her more, nay, even this by adding a deck-load, yet 
not in the shape of an increase of topsides. Therefore, to 
fix the water-line by law would be but a snare. 

143. The only sufficient ground of safety for the lives of 
our seamen, and for the property of the country, which it prac- 
tically becomes by insurance, is to have at each port qualified 
Stevedores to instruct the men how to stow the various 
cargoes. Moreover, no captain or mate should receive a 
certificate of competency until he had passed an examination 
in the principle to be observed in stowing ships' cargoes. 

144. But before that, or in order that the Stevedores shall 
be properly instructed, the positions we have established as 
to the mode of calculating stabilities will require to be 
accepted, for otherwise a Stevedore might stow a ship in 
strict accord with the present calculations, and suppose her 
safe, when she might not be more safe than ^* Invincible " 
class or the ** Sultan ^ before they were ballasted, or the 
** Captain " when she capsized ! 

• The exact distribution of weight in each ship need not be defined, but 
limits of safety might be detennined, and these should not be allowed to be 
passed. 



46 

145. If this course is not adopted unwise legislation will 
follow, naval architects and shipowners will be relieved from 
instead of being brought under more distinct responsibilities 
in respect of the lives of the crews, and an injury instead 
of a benefit will be done. 

146. Naval architects should be held responsible for the 
strength of their constructions and for the correctness of 
their designs so far as safety is concerned, and for the cor- 
rectness of the data they supply to the shipowner, and they 
should be obliged to supply complete drawings, shewing the 
position the centre of gravity would occupy, on the suppo- 
sition that the ship were light or loaded to her load-line with 
a cargo uniformly distributed. And if cargo was not attain- 
able^ the weight of ballast that would be necessary to make 
her safe under sail at sea. 

147. The height ot the centre of gravity on those con- 
ditions should be marked on the ship amidships, for without 
this it will be impossible safely to distribute the cargo. 

148. Thus we have seen that if the weights are unequally 
distributed to the sides, in that degree the ship loses sta- 
bility, therefore her centre of gravity should be proportion- 
ably lowered. 

149. Where men's lives are at stake, any defects in the 
above, whether arising from ignorance or from faulty design 
or from erroneous calculations, are crimes. 

150. We did not approve of Sir Wm. Symonds's designs, 
but if he did no more for the Navy, he established, at great 
cost to the country, that ships' sails were effective, and 
therefore the ships themselves, in proportion as ships were 
endowed with stability to stand well up under the pressure 
of their sails ; but in our day, ships have been beyond all 
parallel denuded of this stability, so that they could not 
stand up under a moderate pressure of wind on the masts 
without any sail whatever. 

151. Had the exigencies of the Franco-German war 
required, that we should have sent troops to Belgium, the 
** Invincible " and her sisters perhaps would have been sent 
to sea with, say, 2,000 soldiers in each, without having been 



47 

previously tried, when with this small additional top weight 
if sail were put on them, and they to have been taken in a 
squall, they would have capsized and have probably drowned 
every soul. 

152. Yet the men responsible for these things have 
misled the public by reports of the performances of the ships 
under sail, as if these took place' under the circumstances in 
which they were designed to be, without ballast, whereas 
they had had their sails reduced and 360 tons of ballast 
placed in them, while from 70 to 200 tons of ballast were 
found sufficient for old ships, though they carried four tiers 
of guns, and much greater masts and a greater spread of sail. 

153. If an Act of Parliament shall define a ship to be safe 
if only certain ill-judged conditions are complied with, it 
will be found that ships' crews have been drowned according 
to Act of Parliament, 

154. We have seen that one of our ironclads was cap- 
sized from not having been endued with sufficient stability 
that six others were pronounced to be " unseaworthy," til 
they had been ballasted to the extent of 350 tons, and thei. 
area of sail reduced, that an eighth was deemed unsafe till 
ballasted to the extent of 500 tons nearly, and we are in- 
formed that other ironclads are to have quantities varying 
up to 450^ tons. 

155. We have seen that the designs of all ironclads are 
unscientific, and that the calculations made concerning them 
are inaccurate and have led to the state of things described 
above, and that some of them are even now unsafe. Admiral 
Paris, of the French Navy, said, in 1869, *^ the new broad- 
" side ironclads are worse rollers than the old ships used to be, 
" and, even in moderate weather, bring their guns under the 
" wave." Yet we were told that science had shown it to be 
a popular fallacy to suppose that armour would make ships 
roll more ; charlatanism had so determined, not science, but 
the error was not discovered till great damage, at great cost, 
ha,d been done to our ships. 

156. In bad weather these ships tear themselves to 
pieces unless driven at considerable speed, if they are not 
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unsafe also then, and it is obvious that when they are so 
driven it must entail great wear and tear besides great cost 
for coals, that might be much better employed, moreover, 
that all are unsafe in bad weather when near the shore 
unless they are kept under steam at great cost.* 

157. We know that the cost of making these ironclads 
is very great, and that the cost of the increased dimensions 
to enable them to carry this great and exceptional weight of 
armour is' still greater, while the papers have told us of 
accidents that arose from their unmanageableness, together 
with the facility with which their sides have been penetrated 
by their contact one with the other. 

158. But why all this damage and expense? Simply 
because we have been seeking to do that which is unattain- 
able, i,e,, to keep out all shot and shell, the more hopeless 
that we have already exceeded the limit of weight of armour 
that is consistent with a safe and generally efficient ship, while 
we are yet very far from having attained to the maximum 
limit of velocity and of penetration. 

159. If the plan of guns suggested by that eminent 
mechanician, Mr, Bessemer, be adopted, it will no longer be 
a question of mere penetration of the iron coat and an 
admission of the shot or shell through this hole, for the -shot 
he proposes will drive so much of the side in as to admit the 
ship ^* from which it is fired to pass in also." 

160. To insure hitting, Mr. Bessemer has devised elegant 
instruments for firing with accuracy of time and of elevation, 
objects more important for ships and more difficult of attain- 
ment because of the motion of their gun platforms. Then, 
for measuring distances, we have had descriptions of valu- 
able telemeters in successive numbers of the engineering 
newspaper, and to these Mr. Bessemer has added another, 
which gives reason to hope that a completely effective 
instrument will soon be obtained. 

161. True, the proposition of Mr. Bessemer is to throw 
a 5-ton shot at a velocity not less than 1,000 feet per second, 
but so elastic is his system, that by greater velocity he 

* Sec Admiral Sir Thomas Symonds's report on this subject — Blue Bpok. 
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might obtain almost as great results with much smaller shot^ 
but indeed such effects as he could produce with his great 
guns are unnecessary for a gun to be used either in ships or 
against ships, for less than half the weight of such shot 
striking the turret, say of the "Devastation," or on her 
armour abeam, if those did not smash up quickly, the ship 
herself would be rolled over. 

162. Some may imagine that such guns are too large for 
general use, but this objection could not lie against them for 
batteries and gun-vessels for harbour and coast defence, and 
they would be infinitely less expensive, and, being movable, 
more effective than fixed forts. 

163. In the contemplation of such guns, and his are not 
the only plans that would admit of a higher than the usual 
velocity, and consequent destructive power, it seems some- 
what more than waste of public money to build such un- 
wieldy ships to carry heavy armour at once so expensive, so 
damaging to their qualities, and yet so useless. 

164. Is it not preposterous to build such ships as the 
" Devastation," of 9,000 tons, costing the greater part of 
half a million of money, to carry only four guns, ships unfit 
for general service, drawing too much water for effective coast 
defence, for armies are not landed under beetling cliffs, 
where the water is steep to, and suitable for such ships, if 
there should be space for them, but upon beaches where the 
water is shoal and where such ships could not approach. 

165. The increasing facilities for using the torpedoes 
effectively makes it still more unwise, thus putting the 
greater part of half a million upon one throw. 

166. Then, because of the enormous cost of these great 
ironclads, our Navy is being reduced to numbers that a child 
might count, and because of these limited numbers, the 
national interests are unprotected at some points inviting 
attack* 

167. Would it not be wiser at once to abandon the vain 
attempt to keep all shot and shell out, but instead, to allow 

* Several of our little but expensive wars have been the result of this 
parsimony applied to Navy or Army. 

D 
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all to pass as formerly, seeking now only to make our ships 
as unsinkable as might be consistent with general efficiency^ 
and which for practical purposes would be absolutely so. 

168 Every one who has tried knows full well how 
almost impossible it is to sink a Chinese Junk, because of 
her numerous compartments, and iron affords greater facili- 
ties for subdivision and tightness than the material of which 
they are built. 

169. Three unclad ships made nearly unsinkable by 
compartments, and by the use of uninflammable light wood, 
might be built for less money than the " Devastation " cost ; 
vessels that could traverse the ocean safely and inexpen- 
sively, adapted to all the exigencies of general service, and 
better suited for coast defence, because of their greater 
number, smaller size, and lighter draught of water. 

170. While employed to engage such as the ** Devasta- 
tion," they would hunt her down and destroy her in more 
ways than one, for they might carry more than 10 guns for 
one of her's, and while she was endeavouring to destroy one, 
the others would destroy her. 

171. There is no reasonable doubt that if one of them 
of only 1,000 tons, moving at 10 knots or 17 feet per 
second, were to stem the ^' Devastation " on her broadside 
near the turret, she would roll her over, and the light bottom 
of that ship would contribute to the catastrophe. 

172. It should not be lost sight of, that the tendency of 
the employment of ships of doubtful character, is to destroy 
the confidence of our men and with it the moral force. 
A man said to me the other day, '^ they allowed us, sir, to 
" travel the world over for three years, and then heeled the 
" ship and found her unsafe and put ballast into her.'^ 

173. It strikes me, that if the helm of, the "Devasta- 
tion " had been put over when that large body of water was 
tumbling in over her bows, as was lately described by the 
papers, she would have been in considerable danger of being 
turned over by the centrifugal force and the increased weight 
of water, which Would then come in over the lower side of 
the bow, combined. 
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174. Nor should it be overlooked that fighting behind 
armour tends to deteriorate the character of our men, while 
it forfeits the advantages of the prestige and pluck of our 
nation, without any compensating advantages, and might 
well, for every reason, be abandoned, as it never ought to 
have been adopted, at least, by us I 

175. Then the unmanageableness which the armour 
entails, deprives our men of the opportunity of exhibiting 
the dash at and celerity of movement which so distinguished 
them, and wad a prime element in their past successes, while 
it lays them open to damage or defeat by an enterprising 
enemy who is not so unwisely armour-bound. 

176. As if to facilitate the action of our ships in running 
into each other, or running under water, they have long pro- 
jecting snouts under water, increasing their unhandiness, but 
given on the plea that below water is the best place to ram 
an enemy ; this is a mistake, for striking below the centre 
of gravity would turn the enemy the wrong way and she 
would fall on board the assailant, entangle and endanger her, 
while if she were hit above the centre of gravity she would 
turn over and go down, or the side would go in, but not 
80 as to entangle the assailing vessel. 

177. After the foregoing was in type, an experiment on 
the " Devastation ^' and " Sultan " was made, and as the 
results accord with our argument, and so far tends to esta- 
blish our views, the facts, with a discussion, are added. 

178. It had been said that the centre of gravity of iron- 
clads had been raised to " check-rolling,^' that raising this 
centre lessened the " tendency to roll," and also that " the 
" effort of stability is the lever by which a wave forces a ship 
** into motion." That, " if a ship were destitute of this 
" stability no wave that the ocean produces would serve to put 
" her in motion, whether the stability be due to deeply stored 
" battasty or to the broad plane of flotation:" and irrelevant 
facts were offered in "Our Ironclads," to prove that when the 
centre of gravity was higher the arc of roll was smaller. 

179. We had asserted, on the contrary, that all experience 
proved, that raising the centre of gravity, never reduces the 

D 2 
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arc through which a ship rolls, but the opposite, and that 
every ship rolls through larger arcs as she lightened bj the 
consumption of wate-*, coals, &c. 

180. It had been said that *^the danger of overturning 
" becomes greatest when a ship lies in the trough of the sea 
'* amongst waves, whose periodic time from crest to crest is 
^' equal to the natural periodic time of a double roll of the 
*' ship, for then there is a tendency through the coincidence 
" of the successive impulses given by the waves, with the 
" successive rolls of the ship to increase indefinitely the 
*' angle of roll,* therefore (it was added) every ship, to be 
'^ safe, ought to have a very considerable period, and in order 
** to do that she must have very little initial stability." 

181. This was proposed to be effected by raising the 
centre of gravity, and by distributing the weights as far as 
possible towards the sides. 

182. The last condition to a great extent followed from 
the use of heavy armour ; the first was so effectually applied 
to the ^' Invincible " class and ** Sultan," that this double 
depletion of stability nearly proved fatal to them, to save 
them, from 350 to 500 tons (nearly) of ballast was intro- 
duced into these seven ships, as was, curiously, alleged to 
place the centre of gravity where it was intended it should 
have been, but, as was stated by Mr. Goschen in the House, 
to correct a mistake made in their cons f ruction. 

183. Nevertheless, we will accept the present condition 
of the " Sultan" as that dictated by a mature judgment, and 
examine it, to ascertain what measure of satisfaction the recent 
experiment affords as to her safety and general eflSciency. 

184. As to the amount of her stability, or any other 
ship's, little is known, as the calculations made to deter- 
mine them proceed on the erroneous hypothesis that there is 
a uniform distribution of weights and buoyancies throughout 
the ship ; that the body of the ship including the solids of 
immersion and emersion are homogeneous yet it never is so, 
and in these armour-clad empty-bottomed ships it is far 
otherwise. 

• See Prpude, Trana. I. N. A., 1862. 



53 

185. The "Devastation" and " Sultan/' two ships of a 
little more than 9,000 tons weight each, were rolled in 
smooth water by racing men from side to side at the end of 
each roll, — ^the " Devastation *' by 400 men, the " Sultan *' 
by 500. 

186. The angle of double roll reached by the "Devasta- 
tion" was 14^**, and it was stated that she could not be 
forced beyond that, at least by the force used, while the angle 
reached by the " Sultan '* was 29^° or 15° from the perpen- 
dicular, after many races of the men across her deck, at 
which time an order was given to the men to cease running, 
loose things about the decks and gear, not having been 
specially secured ; for no one, it is added, anticipated such 
liveliness on " Sultan's '* part. 

187. It is asserted that the "Sultan's'^ period of 
double roll was 17" 7 seconds, and that of the ^'Devastation" 
13-6, and it is asserted that as these periods, especially the 
longer, represent lengths of wave that almost never occur, 
assurance is drawn that there is no danger of either these 
ships being rolled over, but in this is overlooked, what is 
notorious to those acquainted with the sea, that solitary 
waves of very long period and great magnitude occur, and 
pass along without interfering with the ordinary waves, and 
which would make short work with a ship caught at an 
extreme roll, or striking a ship high up, that has only small 
stability, like the " Sultan.'* 

188. We must consider what the factors were that 
occasioned the ** Sultan's " roll to be double that of the 
'* Devastation." 

The former was 45 feet longer ; this vertical area would 
tend to limit her angle of roll ; but the latter had bilge 
pieces which tended so far to place them on an equality. 

189. There were 500 men in the former ship, and only 
400 in the latter, but then the "Devastation" is 3 feet wider, 
and this is increased by the considerable tumble home of the 
** Sultan " at her upper deck, therefore, the leverage through 
which the weight acted would be much less in the " Sultan." 

190. No doubt the height of the " Sultan's " upper deck, 
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where the men raced^ was much higher, 10 feet or more, than 
that of the ** Devastation ; *^ but this could not aiiect the 
horizontal leverage, but as the men in each case bad to run 
up hill^ those in the " Sultan '' would act through a greater, 
lever in the amount of the greater height, to retard quickness 
of motion, and to limit hef arcs of roll* 

191. It is clear, then, that none of these differences could 
have produced the result witnessed, and that there must 
have been another and a ruling factor; this we find in the 
difference in their metacentric heights* 

192. The centre of gravity of the *^ Devastation ^ was 
inconsistently placed much lower for safety, because she was 
a low freeboard ship, and therefore would not possess the 
reserve of stability that a high side might give as compared 
with a low side* Inconsistently, we say, for they placed her 
centre low, while they were contending that the effect would 
be to make her roll more, and possibly roll over. 

193. The centre of gravity of the ** Devastation ^' was 
lower than that of the ** Sultan," to which fact the masts 
of the latter contributed, and her metacentric height and 
stability were greater and greater still than the estimate, 
because of her low side and the greater concentration of her 
weights towards the middle line of the ship ; therefore, instead 
of its being the fact that the ship with the higher centre of 
gravity and less initial stability was least affected by these 
successive impulses from the passage of the men from side 
to side, somewhat analogous to the impulses of recurring 
waves — as might have been reasonably expected, the ship, 
with the higher centre of gravity and less stability, was 
rolled through double the arc that the ship was that had the 
lower centre of gravity and greater initial stability. How 
much greater the difference in these angles would have been 
if the racing of the men had been coniinued, we are left to 
imagine, as it was convenient to cut short the cxiyeri- 
ment. 

194. The deficiency of stability in the "Sultan^ was 
further shown in that, while she took 60 oscillations after the 
men ceased to roll her before she had reduced her angle of 
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roll to 4°, the " Devastation/' in 40 oscillations, had arrived 
at a roll of only seven-tenths of a degree ! 

195. It may be asked if the '^Devastation's" shorter 
period has not produced rapid and injurious rolling — cer- 
tainly not ; for there is not much difference in the rapidity of 
roll, for while her period is shorter the arc she rolls through 
is only half I which involves less wear and tear, and allows 
greater facility for working her guns. Moreover, at her 
worst, she could point her guns three times nearly for the 
" Sultan's^* twice, and after a time she would be at rest and 
able to fire with accuracy when the *^ Sultan" was still oscil- 
lating through large arcs. 

196. Kaise the centre of gravity of " Devastation/' 
and she will become vastly more dangerous. Lower the 
centre of gravity of " Sultan/' or in a new design, if it 
were reasonable to repeat such, and the result would be 
that she would steer better, sail better, roll less, pitch less, 
be safer, and fight her guns more easily and effectively — 
admit of having her bottom stronger to resist injuries from 
taking the ground or from torpedoes. In a word, there is 
everything to justify lowering her centre of gravity by 
" drawing from the dockyard " not a centre of gravity, but 
means of placing that of the '* Sultan" where it ought to 
be, and ought to haye been, but where it was never intended 
it should be. 

197. But there is a test these ships should be put to, 
which involves conditions that may occur in their future 
history, if not disastrously cut short or otherwise prevented. 
Put them into the basin, and take out all coals, water, 
and provisions, powder and shot, except a limited amount, 
such as a ship would contain on arriving from foreign service 
or a long cruise, and then race 400 men across their decks 
the same as before, and note the effect as to stability — 
especially that of the '^ Sultan," as she is masted, and has 
such a limited amount. 

198. It is impossible that a ship, upwards of 9,000 tons 
weight, could have been rolled through an angle of 29^° by 
moving 30 tons weight from side to side, as was the " Sultan/' 
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if she had had half the amount of Btability that her alleged 
metacentric height assigns her. 

199* This however is clear^ that a small ship moving but 
with ordinary speed, and striking her high^ as she would, 
wonld turn her over, especially if she struck when the 
** Sultan *' was heeling away from her. 

200. How, then, can a ship in that condition be fit to battle 
with winds and seas even now that she is deep? and how 
much more unfit when light of coals, stores, and provisions ! 

201. The "Devastation" is said to roll less and to be 
more stable than the " Sultan.'^ But why, — except that she 
has a shorter period and greater stability ? 

202. This we said must be so, in opposition to Mr. Beed's 
statement in '^ Our Ironclads." 

Thb view Professor Rankine confirmed, page 5, No. 26, 
Committee on Designs' Letter, March, 1871. Yet Naval 
Science, page 368, vol. i, denies this, and reaffirms the 
erroneous opinion, u e., that ^^ the arc of roll of a ship has 
" sometimes been reduced by raising the common centre of 
** gravity.^' 

203. Now we have the satisfaction of knowing that our 
recent ironclads were designed to have very little stability, 
upon the unfounded idea that this would increase the period 
of their roll and would diminish the arc through which they 
rolled, and obtain them ^' a steady platform." 

204. The recent fact shows, on the contrary, that the 
'* Devastation,*' with a period of 13*6 seconds and greater 
stability, rolls through only one-half the arc that the 
"Sultan** rolls through, with a period of 17*7 and less 
stability. 

205. A consequence of all this ignorance is, that all 
these ships with small stability, even after the introduction 
of so much ballast, are liable, if run into even by a small 
ship, to be rolled over ; — not over pleasant, after so much 
money has been spent to make them safe and useful I 

206. When some of our ironclads have been run down, 
as the Italian ship in action, or the Spanish ship by accident, 
or turned over by being run into when lying in a roadstead^ 
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or from the inability to steer them when getting under weigh, 
we shall understand that we have been wasting the resources 
of the country to make expensive coflSns for the personnel of 
the once great Navy of England. These catastrophes are the 
more certain to occur to our ships because of their small 
stability, reduced on the plea of making them safe. 

207. The fact is, overlooking that the immediate function 
of the Royal Navy is to preserve intact the rights of English- 
men, to keep the peace throughout the wide domain of 
England's commerce and colonies, and to combat slavery and 
piracy in every form, we have employed the resources of 
the country to turn our Navy into fighting machines which, 
if dangerous to our enemies, are far from being arks of safety 
to their crews. 



58 



. ON STOWAGE OF SHIPS. 



As the current mode of calculating ships' stabilities pro- 
ceeds on the erroneous hypothesis, that it is a matter of 
indifference whether a ship possess a buoyant Kfe-beit or a 
heavy danger-belt near her water-line, we will throw out 
some suggestions for the consideration of shipowners • and 
stevedores. 

Many legitimate causes have tended to the construction 
of narrow and deep ships, but such require more care in 
stowing. 

Ships having an immersed depth equal to or greater than 
their half breadth, especially if flat-floored, have inherently 
little or no stability whatever. Such ships will be dangerous 
in proportion to their depth unless their centres of gravity 
in stowing are brought proportionably low. The spaces from 
near their sides, 2 feet to 6 or 7, according to the size of the 
vessel, above and below the load water-line in all ships, but 
especially the above class of ship, should be kept buoyant ; 
if any weight is placed there it should be light ; this is the 
life-belt of the ship. 

If two ships of this design, of the same size and intended 
load immersion, were launched with their masts on end, and 
their yards across, as many Italian ships are, but one con- 
structed of iron the^ other of wood, the iron ship would 
capsize if launched without ballast, the wood ship would not. 
The lighter bottom of the iron ship causes the centre of 
gravity of her hull to be higher than that of the wood 
ship. 

If these two ships are to be sailed without cargo, the 
iron ship will require more ballast than the wood ship. 

If both ships are loaded with light cargo, equally dis- 
tributed, the iron ship will carry more, but would be in more 
danger because less stable ; both probably would be better 
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for some ballast, but the iron ship would require it, and 
more of it. 

In both, care must be taken to preserve the life-belt 
complete. 

In cases of light cargoes shipowners must not be afraid 
of a little ballast in the bottom ; it is the most effective 
insurance, as it adds to the safety^ and as it also makes the 
sails more eflFective, it tends to making a quicker passage, 
and limiting the arcs of roll it reduces the wear and tear of 
ship. 

The amount of freeboard should be in proportion to the 
breadth, for the broader the shl^ the sooner is the gunwale 
immersed at a given angle of inclination. 

We suppose, then, the pressure of sail and stability to be 
equal in the two ships. 

An empty bottom, loaded sides near the load-water line, 
as they destroy the life-belt ^ and a very low freeboard, are each 
dangers. 

Associating all these dangerous elements in our design, 
particularly where the weights have been lifted 5 or 6 feet 
oflF the bottom, and a high centre of gravity given, indicates 
great ignorance of true principles ; happily such is not often 
done. 

Deep and narrow ships have been sometimes unduly dis- 
paraged on the plea that they are necessarily weak because 
of their great proportionate length, but this is to overlook 
that their great depth, as in the case of a girder, is a prime 
element of strength, and that a deep narrow ship is stronger 
than a wide shallow ship of the same content, length, and 
scantling ; while the wider ship, all other things being eqiJal, 
will be subject to greater wear and tear because of the in- 
creased action of the waves, due to their great area of load- 
water section. 

Broad shallow ships have much inherent stability ; if 
therefore much heavy weight be stowed in them low down, 
their stability will be so very unduly increased that their 
motions will be very quick, and these will endanger rolling 
the masts over the side. 
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Under such circumstances^ a deck load (so far as the 
weight 18 concerned), if not too great, and if judiciously 
stowed, would be an advantage rather than a cause of 
danger. 

Generally such ships, especially if paddle steamers, may 
carry a limited deck load without danger. 

If the cargo should be of great specific gravity, it should 
be distributed vertically, not all lifted up off the bottom and 
concentrated above, a portion should be placed on the bottom, 
in which case some may with advantage be carried very high, 
even as a deck load, provided the life-belt is preserved. 

There is no necessary danger in some high weights, even 
deck loads, any more than there is in the two or three decks 
of old vessels of war with their accompanying guns, if only 
the weight be centralized by a tumble home of the topsides, 
or by stowage, so only two things are attended to, the 
preservation of the life-belt^ and the centre of gravity, if the 
system be in its proper position for sufficient stability. 

If at the last moment comparatively heavy weights are 
crammed into a deep narrow ship high up over a light cargo, 
even though she is not immersed to her ordinary load water- 
line, she will be in danger, as her centre of gravity will be 
thus raised and her life-belt destroyed. 

It should be observed, that fear of uneasy motions from 
having a low centre of gravity are least to be indulged in, 
in the case of deep and narrow ships, for the disturbing 
force being the waves, their effect will be in the proportion 
that the area of the load water-line section bears to the 
immersed body — and great depth is the great retarder of 
motion. 

These positions proceed on the supposition that the ships 
have been endowed with a sufficient amount of stability. 

If not, it may be asked. Who is responsible ? — the owner 
and stevedore may have done all that they were advised to 
do, and have done nothing to impair the stability according 
to the design — clearly the Naval Architect. 

There can be no reasonable doubt but that many of the 
lives and ships lost are so, because the latter have not had 
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sufficient stability, and this not because of their carrying 
deck loads. 

Sometimes because the stevedore unwarned has not pre- 
served the life-belt. Sometimes because the architect has 
not given enough margin of stability to allow for the deduc- 
tion on account of the errors in the calculations. 

The recommendations to reduce the stability of ships to 
a minimum that has been given currency to and practised in 
the Navy, and supported as it has been by ^* false facts and 
felse theories," cannot be too strongly denounced, or the 
authors and abettors too distinctly held responsible, — the 
more necessary when the grave errors that must occur in 
their calculations are considered. 

From the foregoing it may be perceived that as there is 
a divided responsibility, and that it is not so easy to legislate, 
with safety to the crews of ships or with justice to the ship- 
owners, as some have imagined. 

No doubt overloaded and unsound ships are very bad, 
and all aiders in sending such ships to sea should be held 
responsible, but so are such ill-conceived designs as those 
which eventuated in the loss of the ^^ London," with a large 
body of passengers and crew, in no worse weather than an 
ordinary ship^s boat, laden with a living cargo, could survive 
through. 

And we know that merchant ships that put to sea with- 
out previous trial, built on the Froude-Reed system, 
designed to have little or no stability, for the latter is what 
it comes to by their errors, and with buoyant bottoms, and 
heavy topsides, would capsize, for such would have been the 
fate of such vessels built for the Navy, the " Invincible," 
*^ Sultan," '^Audacious," ^^Iron Duke," and others, had not 
the earlier vessels been tried and found unseaworthy, and 
thence all largely ballasted. 

We ask how are sailors' lives to be protected, if Naval 
Architects are allowed to play such antics, and then allowed 
to shelter themselves from all responsibility under pleas of 
science, ignorantly so called ? 

The fact is, the formula as to the stability of ships was 



62 

constructed on the supposition of a uniform distribution of 
weight and of buoyancy in the immersed body and in the 
volumes of immersion and emersion, while generally it is 
much otherwise. 

Let Fig. XXX represent the main cross section of a 
ship, also all the others^ as they differ only in degree, c 
represents the centre of buoyancy, CJE the water-line when 
upright, ab that when inclined. 

Now, when a ship is inclined, an additional part of one 
side, say that included by daCy is forced under water, and a 
part of the other side dEb is forced out, the practical eflfect 
on the buoyancy is as though a volume equal to dEb were 
moved over to daCy thereby increasing the buoyancy of the 
body on one side of the middle line dB over that of the other 
side by the double amount ; but the effect of this is to form 
a new centre of buoyancy at say c\ the distance that c 
will be from c' will depend upon the proportion the volumes 
daC and dEb bear to the volume CBEy and upon their lever- 
age, which varies with the breadth. 

But this is on the supposition that the ship turns round 
the point dy which never is the case, and upon the further 
supposition that specific gravity of daC and dEb is precisely 
the same as that of the other part of the immersed body, 
which it never is. 

If the specific gravity of daC and dEb is less than that of 
CBE then they will possess a greater proportionate buoyant 
power, and the centre of buoyancy will be moved by a given 
inclination a greater quantity, the distance from c to c' will 
be greater and the stability proportionably greater. 

If the specific gravity of (^(7 and dEb be made greater 
than that of CBE^ then the distance from c to c' will be less, 
and the stability will be less also. 

If the specific gravity of da C and c^^J be made so great 
that they would sink if separated from the ship, they would 
not possess buoyancy, and therefore could not influence the 
centre of buoyancy, and their immersion and emersion could 
not add to the stability. 

These volumes are what Mr. J. Scott Eussell calls the 
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shoulders upon which depends the stability or the power 
which tends to restore a ship to the upright when inclined 
or tends to resist inclination. 

It must be obvious that if these shoulders do not possess 
buoyancy themselves, they cannot give any buoyant support 
or offer any buoyant resistance to inclination. And yet Naval 
Architects have been in the habit, in their calculations, of 
treating the question as to whether these solids possessed a 
very great deal of buoyancy or very little as a matter of 
indifference. The consequence of this explains the confes- 
sion of the Admiralty Constructors, given at page 14. 

Obviously then the specific gravity of the spaces daC and 
dEb should always be less than that of the main body CBE. 
— They constitute the life-belt. 

Then, not to mend matters, came the Froude-Reed 
system, the most incorrect and the most dange ous, perhaps, 
that was ever conceived. Let Fig. XXXI represent one 
of these designs. 

These gentlemen not simply recommend the, centre of 
gravity to be kept high to reduce the stability, but the latter 
gentleman, to effect this more easily, added a deep empty 
space between an outer and an inner bottom; they also 
recommend a concentration of weight on or towards the 
sides, with a view to reduce the rolling, and Mr. Beed to 
reduce the arcs rolled through. 

Mr. Reed testified that this latter was not the result, 
when he reported in the Times the great ironclads rolling 
more than the little wooden " Topaze," and a distinguished 
French Officer testified to the same effect. See page 47. 

Now, the concentration of weight on the sides and above, 
from the armour, and for the purpose of raising the centre 
of gravity and for increasing the moments of inertia of the 
sides with the view of reducing the rolling, increases enor- 
mously the specific gravity of daC and dEb, so that they 
possess little buoyant power, and therefore their immersion 
or emersion exercises little influence on the motion of the 
centre of buoyancy, and therefore afford very little stability, 
the more particularly that the empty cells in the bottom give 
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a cork-like buoyancy to it and increases the disproportion 
between the specific gravity of the main body CBE and the 
volume daC and dEb, If the tendency of this volume is to 
move c towards c', the tendency of the bottom is to move 
the centre of buoyancy in the opposite direction, by each 
angle of inclination as the quantity of this cellular cork-like 
part on the right of the vertical Bx is increased. Moreover, 
the moment of inertia of the sides once overcome, this 
becomes another element to reduce the stability further and 
to increase the danger. 

While the small moments of inertia of the lower parts 
facilitate the upward tendency of the bottom. 

Hence, the dangerous blunders in the estimates of the 
stabilities of *^ Sultan," ^* Invincible," and others, which was 
only partially corrected by the ballast, which destroyed the 
buoyancy of the bottom ; we anticipated, and stated so in the 
Times y 1870, the danger that since ensued. 

Whatever may have been the defects of the *' Captain," 
and whatever warning was given to her Captain or the 
First Lord of the Admiralty, no warning was given of those 
enormous diminutions of her stability. So she was lost, 
secundum artem^ not that of the Sailor, but of the Naval 
Architect, who forced deep double bottoms and heavy top- 
sides into the Navy against the voice of warning. 

The insurance of any vessel going to sea without an 
effective life-belt should be void, for though a vessel could be 
made safe from capsizing by a low centre of gravity, yet would 
she be a bad ship, steer badly, be crank and leewardly, and 
would finally be lost, herself and crew, on a lee shore. 

Note. — We have represented in the two figures, XXXI and XXII, the 
water-line as moyed, instead of the vessel, as that was the more general way 
in which " diagrams" are represented. "We thought it would be best under- 
stood, not that we think it the more correct ; on the contrary, we think it 
obscures some points. 
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APPENDIX A. 



CENTRE OP PRESSURE. 

Ths centre of pressure of a plane surface immersed in water, op 
sustaining water pressing against it, is that point, to wHcli, if a 
force be applied equal and contrary to the whole pressure exerted 
by the water, the plane will remain at rest, having no tendency 
to incline to either side. 

Prom this definition it follows, that if a plane surface immersed 
in water, or otherwise exposed to its influence, be parallel to the 
horizon ; then, the centre of pressure and the centre of gravity 
occur in the same point, and the same is true with respect to 
every plane on which the pressure is uniform ; but when the 
plane or surface on which the pressure is exerted, is anyhow 
inclined to the horizon, or to the surface of the water whose 
pressure it sustaius ; then, in order to find the centre of pressure, 
we have to solve the following problem. 

Havmg given dimensions and position of a pla/ne sv/rface im- 
mersed in water, or otherwise exposed to its influence ; it is required 
to determine the position of the centre of pressure, or that point, to 
which, if a force he applied equal and opposite to the pressure of 
the water, the plane shall remain in a state of quiescence, hamng no 
tendency to incline to either side. 

Let 8TN, Pig. IX, be a cistern filled with water, and let ahch be 
a rectangular plane immersed in it at a given angle of inclination 
to its surface ; produce the sides ha and ch to meet the sur£ace of 
the water in the points e and/; join e and/, di^aw es and/r per- 

E 
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pendicnlar to ef which is in the surface of the water ; draw lis 
and cr meeting es and fr at right angles in the points 8 and r ; 
then is lies or cfr^ the angle of the plane's inclination, and hs^ cr 
are the perpendicular depths of the points h and c. 

Let P be the position of the centre of pressure, and through 
P draw Tm and Pn, respectively perpendicular to cb and ch the 
sides of the rectangular plane ; then ch and ch may be taken the 
axes of rectangular co-ordinates originating at c, and Pm, "Pn are 
the corresponding co-ordinates, passing through P the centre of 
pressure, supposed to be situated in P. 

Now, it is evident from the nature of fluid pressure, that the 
force of the water against the small area ^, is equal to the weight 
of a column of the fluid, whose base is the rectangular material 
point ^, and altitude the perpendicular depth of that point below 
the upper sur&ce of the fluid. The area 5 may be considered a rec- 
tangular or square point the side of which is equal to the breadth of 
a material line ; hence 5 is considered to be very small. There- 
fore, the force against 5, varies as 3X^; but, ^d=e^Xsin. ^e«; 
and therefore the pressure on h varies as dXe^Xsin. lies^ and the 
•ffort or moment of this force, to turn the plane about the ordi- 
nate Pm, varies as ^Xe^Xsin. heiY.'Pn^ in which Pn is the length 
of the lever on which the force acts. But Fn^=ieh--fm for eh 
s=/o ; hence by substitution, the force to turn the plane about 
the ordinate Fm^ varies as 

SXeh^X sin. hes-^^XehXfmXBm, hes ; 

therefore, the accumulated effort of all the forces, to turn the 
plane round Pm, must be proportional to 

sum of { 5 X e^* } X sin. hes —fm X sum of {c2 X e^} X sin. hes^ 

and this expression, by the definition, is equal to nothing ; 

— sumof{£Xe^, 
•'••'^■"sumof {5Xe^} ' 

The whole area ahch contains an indefinite number of ele- 
mentary areas B ; let ^' be any point on the plane, pt=.x and 
qt =^y the variable co-ordinates ; then the area of B' is reprci- 
sented hjdxX dy, that is the differential of x multiplied by the 
differ^tial of y, written dxdy; d, being a symbol of operation, 
has no numerical value, no more than ^ has in y/Q which is put 
to represent the square root of Q. 
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From conventional arrangements, the expressioB for fm 

becomes 

^ ff^^dy _ fx^ydx ^ . j . 

^ ffxdxdy f«ydjx ' 

/, like (2, is a symbol of operation, it stands for the simi of^ and 

is termed the sign of integration. Of the operations indicated by 

these signs {f^ff^fff\ ^, c?, ^), we will treat more fally hereaffcer. 

By reasoning in the same manner as above, it will readily 

appear, that the effect or moment of the pressure on ^, to turn 

the plane about the ordinate Pw, 

varies as ^XeAxA^Xsin. ^^; 

but, ha=^ ch — cn\ therefore by substitution, the force on 5 to 
turn the plane round Pw, 

varies as ^XeAXc^Xsin. ^ — ^Xe^XcnXsin. ^e^; 

and consequently, the effect of all the forces to turn the plane 
around Pn, must be proportional to the 

ram of {hy.ehy.cih} sin. "hes — cnXsum of {hyeh} sin. hea^ 

but according to the definition, the sum of these forces is equal to 

nothing; for the plane has no tendency to incline to either side; 

therefore 

sum of {hyJieych} 

sumofj^X^e} ' 

Hence, according to the conventional notation of the differential 
and integral calculu% we have, 

_ f/xydxdy J 2 _ fy^xdx , (H.) 

"^ fj'itdxd/y^ fyxdx 2fyxdx* 

It is evident that the inclination of the surface pressed to the 
surface of the fluid has no effect in altering the centre of pres- 
sure, except when the two are parallel, in which case the 
Centre of pressure will evidently coincide with the centre of 
gravity. 

Ky = A;, a, constant quantity, then (I) becomes 

. _ h/x*dx fa?dx 8 2 

'** "* k/xdx = 7^ = — = §«; and (II) becomes 



k/zdx fxdx 



e2 
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p^ ,- ^/j^ ^ ^. NowifPibe the centre of pressure of the 
2kjxdx 2 

2 h 

rectangle efch, An=:x, and cA=A;, then APi= g» and PiWi =^. 

Now if iLB==a and An=h, the integral /aj^cfo between these 
limits becomes » (&'— o^) ; and \xdx between the same limits is 

o (V — a') ; consequently the distance of the centre of pressure 
of the rectangle ahch, from the surface of the water ef, will be 
q)?>»— *\ ' *^* is, if P be the centre of pressure of the rectangle 



2(&»— a») k 



2/&»-a»\ 2/^ . a& \ 



Required the position of the centre of pressure in the rectangle 
ahch when AB = 30 inches, An = 78 inches, and he = 42 
inches. 

|{78 + 30-.^} = 57iinc.=^. 

.•.PP=57|-30=27f and mP=:21. 
78-30=48=Pn and 48-27|=204=Pw. 

We will now show, if «^ = 72 in., that a pressure of 3634!^ lbs. 
applied at the point P, in the direction of a perpendicular to the 
plane ahch, will keep the plane at rest ; this single pressure is 
equal to the whole pressure exerted by the water at the other 
side of the rectangular plane dbch, 

I 42X48 - . ^ ^- , ^ ^ 

^ ^ ^ ■■ =14 sq. ft. the area of abch ; 

8h=72 in.=perpendicular depth of the water at h, and eh=^An 

= 78 in. .'. y78»-72*=30=e« since esh is a right-angled 

triangle. 

ea+haJf a^=54in., therefore, by similar triangles 

648 
78 : 72 :: 54 : — in., the perpendicular depth of the centre of 

gravity of the rectangle dbch from the surface of the water 
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648 . 54 

— in- = To fee* 5 aiid since a cubic foot of water weighs about 

62^ lbs., the whole pressure exerted by the water on the rectangle 
ahch= j^xUx^ =3634A lbs. 

To find the centre of pressure P, of a semi-parabola ADE^ 
Eig. X, the extreme ordinate DU coinciding with the surface of 
the water. 

Fig. X. 




Let AD = a and DE = 5 ; q any point in the curve, AF= «, 
Fq = v; then, fix)m a property of the curve, a : h^ :: z : v^ 
and.'. 



t; = 



a' 



bz^ 



Hence, if a—z and "T be respectively substituted for x and y in 



(I) we have, 



hz 



BP= 



c? _ or 

.f(a'-z)y.^dz 



hz 



i 



or 



dz 



a" 
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f{a'»d*-2azdz+zdz} 



f {aa — z }dz 



For d(^a'-z)=—dz= +dz. 



2^*4 i2 i 
. • . BP = 5 — - — 2~5 ; Jio correction is required, 

for both numerator and denominator vanisli when z = 0. 

.•.5P = 2 2 . When»=a5P=y. 



6a' 
Again, if a— z and — T be respectively sabstitated for x and y 



a 
in (11), we have 



Pm=: 



— I — z{a^z)dz 

Z2T^^^I)/dz 2a* / (a«*(i«-»'(i«) 
J a* 



_^ ft f (azdz—s^dz) 



9«* 2*21 
^tt saa — -z 

No correction ig required as both the numerator and denominatar 
vanish, as they should, when «=0. 

1 h 1 i 

-az z 

. p _ 6 2 3 
. . irm ~ _ . hence when z=a 

ia -a-^z 
Pm--. 
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GEOMETRICAL PROPOSITION. 

It is proved, Euc. 43, I, that the complementB of the 
parallelograms OQ, Q(7, which are about the diagonal AD of any 
parallelogram 00^ are equal to one another. 



Fig. XI. 



H 



' r f 

I c 



Let 00, Fig. XI, be any reotangular parallelogram, QD = &, 
DO=:a, and GJ?* = a + 6. 
Then, if » = Q^, we hare 

x(a + h) = ab; .\ x = QF = ED = OH ^ -^, 

In Fig. Xn, let EB-h.EA = EK- EB = a, then if BFhe 
made equal to a + 6 and the diagonal FQO drawn, we shall hare 

DO = -^,. 

Again, as EK^AFJ, DK'=h+a; make DH =:^ DO, then 

HK = 6 -f a — ^ =s __II_^. Draw JIT perpendicular 

a + 6 '—' a, 

to £flr and make HL = ^ HI; then ML = t KH and i£L = 

o o 

Q~(w~~~ar ^® centre of pressure of the rectangular 

parallelogram ABOD is formed by taking OPssML, 
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TO FIND THE CENTRE OF PRESSURE OF A PLANE 
IMMERSED AS SHOWN IN FIG. IX. 

Fig. Xlla shows the iminersed plane ; EB = a ; EL = h ; 
make NL = a, and complete the parallelogram EFNL. Draw 
ED perpendicnlar to LE^ and equal to 2 a-f &, that is .F!D=:a-f-&. 
Draw DOTf cutting EL produced in the point If; make EH = a, 
and LT = LM^ draw T8 perpendicular to LH ; in TS take any 
point K, and make K8 = twice KT\ draw XB parallel to MS, 
Then i^JT = OF^ = »7P„ the distance of the centre of pressure of 
the point P, from the surface of the water. Let LM = aj, then 
(see Fig. XI) aj X (a '\- h) = LM X FD = EL X EF =^ b X a; 

. • . aj = -^ =iifandiJ3"=6+a.-.TJ3"==a + &- 

aft a* - &• 



a + 6 a« — &« 



DETERMINATION OF THE EFFECTS OF AN UNEQUAL 
DISTRIBUTION OF WEIGHT ON THE SUPPOSITION 
THAT THE CENTRE OF GRAVITY IS THE AXIS OF 
ROTATION. 

Taking the data given in Articles 86 to 109, we will in the 
next place critically examine the nature and circumstances at- 
tending the arrangement exhibited in Fig. TV. 

LIKMj Fig. XIII, is a cross section of a parallelepiped of 
given length ; this section is taken in the middle of the body, equi- 
distant from the ends. IK = KM = ML = LI =12 ft. The 
reasoning for one foot of length taken in the middle of the body 
will hold good for any given length; so we have taken the 
length = I foot ; through the centre of which the section KL is 
supposed to pass. The water line Nr passes through the centre 
of gravity g, of the body cutting the sides LI, KM, at t and r ; 

rM is taken = 9 feet and tL=:d feet. 
o 

rF = - rM, see page 66, therefore, P, is the centre of pressure 

2 

of the water on rM, pointed out by the arrow at P. <Q = « tL, 
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therefore, Q is the centre of pressure of the water on tL, pointed out 
by the arrow at Q. It should be here remarked that a in the 
formula, page 66, is taken = o, as r and t are in the water-line. 
The position assumed makes NM = 2 Mr, NL = 2 Lt, hence NL 
=:6feet = MT=Tg. Take NA = 2 NL + NM, dr&w ATD, Bud 
make Mm=:MD ; mG may be taken a perpendicular of any con- 
venient length, then take OB = 2mG ; OF, parallel to BM,=^NO, 
then is the centre of pressure of the water on LM, pointed out 
by the arrow at 0. NB is taken equal to NL, By calculation 
it will be found that ^0=13 ft. 

Now we may suppose the water to be removed if the pres- 
sures at 0, P, and Q be retained. The pressure Q acts upon the 
lever gf = 6 ft., and tends to turn the body round its centre of 
graviiy g. Let 20« = 1000, the specific gravity of water. 

/- -63 

^1^ = 3 V 5, L6 = et; S^b : 6 : : 3 : —7=, hence -7= = the 

perpendicular distance of e from the surface of the water ; there- 

3 180 

fore, —7= X (3 sq. ft.) x 20«.= —7= a = the pressure of the water 

on the three square feet of surface between t and L, in terms of 
8 ; this pressure can be reduced, to a weight in pounds, if re- 
quired. 

Therefore, the moment of Q, tending to turn the body round 

, ,, 180 ^_^^ 900 
g, may be represented by -y- « X (6 tt.) = --?= a. 

The perpendicular distance, of the centre of the side LM^ 

12 12 

from the water-line = -y=, for, 6 v^ =^ Ng : 12 :: 6 : -y=, 

12 

, • . -y~ X (12 sq. ft.) X 208 = the pressure of the water on the 

V 5 
twelve square feet of water between L and M, in terms of a. 

Hence, the moment of 0, tending to turn the body round g, may 

12 
be represented by -7= X (12) X 20* X g, 4; but the lever g, 4, 

upon which the force acts = 1 ft., since NO = 13 ft. 

1 9 2880 

;•. the moment of = --= X 12 x 20* x 1= — 7^*, intermsof*. 

The pressure P acts upon the lever ^r, 7, = 3 ft., and tends 
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to tnm the body in an opposite direction ronnd the centre of 

gravity flr. 

Mq = grr = 4*5 ft. 

18 9 

jyr = 9 -/s and 9 */^ : 18 : : 9 : -y= half of which = —y=z. 

9 
-y= = the perpendicular distance of q^ firom the water-line Nr. 

X (9 sq. ft.) X 20< = — y=r8 = in terms of «, the 



pressure of the water on the 9 sq. ft. of surface between 
If and r. Therefore, the moment of P, tending to tnm the body 

«>nnd ,. may be represented by 1^, X (3 ft.) = ^*. 

-,. 4860 2880 900 1080 ^, ^. ^ . 

Smce — 7=r- « ■y-= « — 7= ^ = — /="*» *^® moment,m terms of «, 

V 5 V 5 V 5 V 5 

tending to torn the body ronnd g^ in the direction indicated by 

the bent arrow, Fig. XIII, = y- 8, 

It is evident that the moment of Wi acting at its centre of 
gravity 1, will balance the moment of w^ acting at its centre of 
gravity 6 ; the same may be said of W2 and Ws^ and of Wt and Wi. 

Hence — j=r8 = the moment, in terms of «, tending to tnm the 
V 5 

body LK ronnd its centre of gravity g. The weight represented 
by ^ is about 3^1bs. If a centre of pressure P, on the outside of 
a large vessel, be taken one or two inches above or below its 
true position, the error, practically speaking, will not much affect 
the value of the resultant ; this, as the sequel will show, is a very 
important circumstance in favour of the system proposed by the 
writer, whether it be considered in a statical or in a dynamical 
point of view. 

To find the centre of gravity of the trapezium LMrt, Fig. XTV. 
The centre of gravity is evidently in the line eq which is drawn 
firom the middle of tL to that of rM; and it is easily shewn that 
the point c, in the line eq, whose perpendicular distance from the 
line Mr = 5 ft. is the centre of gravity of the trapezium tLMr. 
OM is the perpendicular distance of c, from the line Mr. 

Let LM = m, Mr = b and Li =a. Draw tP parallel to LM; 
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LMPt is a rectangle and Ptr is a right-angled triangle. The 
area of LP = ma, and the area of the triangle tPr = -^ (h — a); 

Wit 

the distance of the centre of gravity of LP from Mr = -^ ; and 

that of the triangle from the same line = -m. 

o 

Pnting V for the distance of the centre of gravity of the whole 
trapezium tLMr from Mr, we have, 

/ , m (6 — a)\ ^ . w /T N 1 






6 — a\ ma fc — a m 



/a + 6\ fa h ^ a\ 

and . • . t; (a + 6) = -g (2a + 6) ; hence, t? = -g ( — T'T )• 

Consequently Olf = v = -o- ( o ■ q )* 

Then, we have NO = 13 ft., the half of which, Op^Q\^.\ Nf 
= 12ft.,/^ = 6ft., therefore, ^jp = 6J^/5 and JV^r = 6v^5. The 
triangles ^Qp, p^O being similar, we have 

pN : jyO : : j?0 : 0« = 2cfc ; and 
Np : pO : : pO : j?« = 2jph, 

13 6- 

Hence, 6^ v^ : 13 :: 6^ : ^ = 0«; therefore, cA = ^- 

Again, 6^ v^: 6i :: 6i : ^^^^'^ therefore, jpA = ~i. 

Now, Np -ph = 27A, that is, 6i V^ - ■;^ = N^\ 
' 3i 6ix5-3i 29i ... 

^ 6 X 5 _ 30 
Consequently ^igr is a little longer than Nh ; therefore the differ- 
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ence, ^A= ^ — -JL = -835410196 feet, or 8 inches nearly. 

gh is teclinically termed the equilihraimg lever. It is a straight 
line equal to the horizontal distance between the verticals, passing 
through the centre of grcmty and the centre of hvKyycmcy; or it is the 
horizontal distance between the line of pressure and the line of 
support. There are several terms, of very frequent occurrence, in 
the doctrine of flotation, which we will hereafter explain, before 
we proceed to develop the practical and true laws that regulate 
the conditions of stability. At present, we only direct attention 
to gh, the equilibrating lever, the length and position of which 
has never, in one single instance, been determined with sufficient 
accuracy to be of any practical value to Naval Architects, although 
they have made millions upon millions of calculations and ex- 
periments to find the position and length of this line, which is 
very short in all cases. Through the whole range of applied 
mathematics, the writer is only acquainted with a single hopeless 
parallel case, namely, that of measuring the parallax of the fixed 
stars, in order to find their distance from the earth. Mathemati- 
cians and writers on Naval Architecture have been led astray by 
trying to utilize the abstract truth, that the weight of the water 
displaced multiplied by gh gives the same turning power, or 
moment, as the combined pressures applied at 0, P, and Q, In 
the case before us, where the length of every line can be found 
with strict mathematical accuracy, we see that the weight of 

tLMr multiplied by gh = (72 cubic feet of water) x T~7^ = 

8 1080 
72x20sxj^ = ^y^s, 

But it is illusory and dangerous, in the highest degree, to 
suppose that a correct value of the egmlibrating lever can be 
found for large compound vessels or ships. 

In a 3000-ton ship, an error, in the length of gh, of the 100th 
part of a foot (which is less than -J^th of an inch), would give an 
error in the varying resulting moment of 67200 foot-pounds for 

3000 X 2240 X j^ = 67200 foot-pounds. 

It is no assumption that an error of -{^th of an inch may occur, 
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since it must always occur in estimating the stability by an 
equilibrating lever which varies at each angle of increased in- 
clination. 

Hence, dealing with the outside varying pressures is practical 
and safe, especially when motion ensues ; while all endeavours to 
utilize the varying pressures on the equihbrating lever gh, are 
illusory and dangerous. 

These comparisons are made supposing the body to be at rest 
and in smooth water, and that the solid mass tLMr is allowed to 
do the business of the water which it has displaced ; this state of 
things never does, and never can, happen at sea. When the body 
is in motion, and turning round an axis, we have to consider 
the moments of inertia of the parts of which the floating body is 
composed. 

To Jmd the moments of inerUa of rectangula/r jparallelopvpeds 
Wiy W2j Wa, (fee, ryioving round an axis passing through g perpen- 
dicular to the plane KL, Fig. XIII. 

Let BTKP, Fig. XV, be a rectangular parallelepiped, 

Sjy = a, SB = h, 8T= c, 80 = 0N=^. In the face TN 

draw OZe perpendicular to 8P and make OZ the axis of z. 
Suppose Z2Z3 to be the axis around which the body TP moves ; 
then, Z^Zz is parallel to OZ. OB is supposed to be perpen- 
dicular to ON and also to OZ, 

Let OA = the variable z; draw AQ parallel to OB, then 
AQ = OB, which put = w, a constant, distance. It is evident 
that BO is equal to the variable z- and that AOBQ represents 
a rectangular parallelogram. OX, that is OB produced, is 
taken for the axis of the variable x ; ON, one of the edges of 
the parallelepiped, perpendicular XOB, is taken for the axis of 
the variable y. The position of the very small paraUelopiped h, 
whose conterminous sides are represented by dx, dy, dz, is in- 
dicated by the variable rectangular co-ordinates x, y, z, 

OB = X, BE = y, and from E to the material point B equals z. 

Now, the moment of inertia of a system, in respect to an axis, 
is the sum of the products which arise from multiplying each 
element, dx dy dz, of the system by the square of its distance 
from the axis. The moment of inertia is always a positive quantity, 
and always increases when the mass of the system increases. 
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The general solution of this problem plainly consists in expressing, 
analytically, by means of the co-ordinates, x, y, z^ the product of 
an element, dx dy dz, multiplied by the square of its distance from 
the given axis Z^ ^3, and in afterwards integrating for the whole 
extent of the system. Q, 0, ^, is a right-angled triangle, right- 
angled at 0; QO = » + «, therefore (n -|- ») '+ y* = the 
square of the distance of the point .c^a;, dy, dzj from the axis Z2, Z^. 
The moment of inertia for the single element wUl, therefore, be 

w' + 2n SB + »' + y') dx dy dz. 

But to find the moment of inertia of the immense number of 
elements of which the body is composed, we have to integrate 
successiYely, in relation to each of the three variable quantitiea 
», y, 2?. 

fjf {n^dxdyda + ^nxdxdyda + x^dxdydz + y^dydxdz} ; 
when integrated with respect to z, becomes 

//{n^zdxdy + 2nzxdxdy 4- zx^dxdy -f zi/^dnfdx}\ 
which, when integrated with respect to a?, becomes 

/< n^zdy + nx^dyz + a^zdy + xzy^dy > , 
lastly integrating with respect to the variable y, we have 

xyz In^ + nx + ^ x^ + ^y* > ; 

no correction is required for the whole vanishes, when a? = 0, 

a 
y =z 0, z=^o. But when x = h; y = » ^'^^ * ~ ^ *^® ultimate 

/a\ f 6« a^l 

integral becomes ^(2)^}^^"^^^'*""3''*"i2f» ^^^^ ^ the 

moment of inertia for half the body, HPKI, the double of which is 

r , ** , ^1 

a6c < n« + «6 + -g- + j2 > , 

the moment of inertia of the whole parallelopiped BK, Putting 
p for the density, which is supposed to be constant throughout the 

f / 6 V . ^ + ^^ 1 
solid, we have pahe ^ ( ^ + 2/ ~T2 — I 

for the moment of inertia for any particular uniform density /». 
In the case under examination p = 248 in Wi and t^« ; ^ = 5« in 
W2 and in w^ ; and p^aiaw^ and Wi. 



79 

Moment of inertia of 



122 ^ 22> 



w; = 24ff X (24 cubic feet) X ( 5« + — j^ j = 21604« ; 

the moment of inertia of w^ is also = 215048 in terms of 8, 

Moment of inertia of 

/ 122 4. 22\ 

fOa = 5« X (24 cubic feet) X ( 3* + — ^ — ] = 2560j? ; 

2560^ is also the moment of inertia of w^. 

Moment of inertia of 

/ 122 J. 22\ 

Wa = tf X (24 cubic feet) x f I2 + — j| — \ = 820« ; 

this is also the moment of inertia of Wi. 

Therefore, since the moment of inertia is always positive, 
2 (21504ff + 2560* + 320*) = 48768s represents the moment of 
inertia of Wi, W2, ^8? w^4> w^6» w^ in terms of 8, according to the 
arrangement shown in Pig. lYa. (Plate XYI.) 

To find by construction the centre of pressure on the side LM^ 
Fig. Ya. 

Make AE7 = 6 feet ; ^2) = 12 feet ; Fig. XII, ^B = 6 feet 
= DQ ; BJF' = 18 feet; D(? = 4^ feet; HS: = 24 - 4J = 19| 
feet; iM= |of HK:= |of 19^ = 13 feet = OF-, Pbeingthe 
centre of pressure. 

We shall in the next place, compare these results with those 
of a similar nature, obtainable ^m. the arrangement of te^, 
Wa, Ws, ^*4, w?6» w;6, shewn in Fig. V. 

Referring to Fig. Ya, and supposing the compound body 
KIj to be moved round an axis through ^, by some external 
force, from the position shewn in Fig. I, through the same angle 
as that indicated in Fig. lYa, namely, 26** 34" ; Mr = 6 ft., and 
X< = 3 ft., in both cases. The pressure of the water at 0, P, Q, 
Fig. Ya, is not altered, it is the same as in Fig. lYa ; but the 
moments of inertia of w?i, w^a, w^j, Wi^ w^, Wb, in Fig. Ya, differ 
much from the moments of inertia of the same bodies arranged 
in the manner shewn in Fig. lYa. With respect to the position 
of the bodies and the order represented in Fig. Ya, we have, 
the moment of inertia of 

/122-|-22\ 

i^ = « X (24 cubic feet) x (5* + ( — j^ — ) = ^^^*- 

S968, also represents the moment of inertia of Wi, which is 
supposed to move round the same axis through ^, the centre of 
gravity of the compound body KL, Fig. Ya. 
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The moment of inertia of 

W2 = 58X (24 cubic feet) x (32 + — j^— ) = 2560«. 

2560« is also the moment of inertia of w^. The positions of the 
two bodies W2 and Wi, have not been altered and might have been 
left out of the comparison of the two arrangements shewn in 
Figs. IVa and Ya. 

The moment of inertia of 

/ 122 J. 22\ 

wi = 24ff X (24 cubic feet) x f !« -f — ii^) = ^^^S^^- 

7680«, represents in terms of «, the moment of inertia of We, 
moving i*ound the same fixed axis through g. 

Therefore, since the moments of inertia, of bodies rigidly 
connected and supposed to move round the same axis, are always 
positive, we have, 

2 X (896« + 2560« + 7680s) = 22272* = in terms of s, 
the moment of inertia of w^, w^, Wz, Wi, 1^5, w^, arranged in the 
manner shewn in Fig. Ya. Now the moment of inertia Fig. IVa 
= 48768s, which is more than double that of Fig. Ya ; hence, 
the body, arranged as in Fig. lYa, will turn and oscillate, from 
the apphcation of unbalanced forces^ more than the body 
arranged as in Fig. Ya. The body KL, Fig. lYa, after turning 
and oscillating from side to side, will come to a state of rest in 
the position. Fig. lYc, the disturbing causes being removed, the 
pressure of the water at Q and B only being in action. 

The forces B and Q, in Fig. lYc, being equal and opposite 
have no tendency to turn the body LK. 

The compound body. Fig. lYa, will not come to a state of 
repose in the position shewn in Fig. lYfc, although the disturbing 
forces be removed and the pressure of the water at and P have 
no power to turn the body one way or another, for, the centre of 
gravity e, of the compound triangular body, compound because 
of the unequal distribution of the weight. LEJif (not the centre 

217 
of gravity of displacement), is -—.^2 ^^^ fix)m the water-line 

«/v/ 

KL. —^ = 3-409826 ft., while, the centre of grnviiy Ci, of 

the compound parallelopiped tK is 4^ feet from the water- 
line tr. 
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The position in which the immersed portion has its centre of 
gravity lowest, is the position in which the body will permanently 
rest. But, as the moment of inertia of the body, Fig. lYa, is 
great, it is not difi&cnlt to make LI take the place of MK^ 
Pig. IVc. 

The body IM^ Fig. Ya, its moment of inertia being small, 
comparatively speaking, will oscillate from side to side and come 
to a state of rest in the npright position shewn in Fig. Yo, the 
disturbing causes being removed and the pressure of the water 
at Q and R being only allowed to act; the forces Q and JS, 
Fig. Yc, being equal and opposite have no tendency to turn the 
body IM, 

The compound body Ya, will not come to a state of rest in 
the position shewn in Fig. Y&, although the disturbing forces be 
removed, and the pressure of the water at and P have no 
power to turn the body one way or another, for, the centre of 
gravity e^ (not the centre of gravity of displacement) of the 

compound triangular body LMK, is -r-y/2 = 2.3255956 ft., from 

45 

the water line LK, while the centre of 63, of the compound 
parallelopiped tM is 3 feet from the water line ir. Hence the 
body Fig. Ya, will come permanently to rest in the position 
Fig. Yc. 

The moment of inertia of the body Ya being small, com- 
paratively speaking, it may be made to oscillate freely from side 
to side, but it would be difficult to make IK take the place of 
LM, Fig. Yc, by any moderate force of wind or wave. Before 
proceeding further with respect to the motions and oscillations 
of bodies floating in water, it is necessary to solve a problem 
which mathematicians and writers on mechanics have left in a 
very unsettled state ; this problem is : — To find the principal 
axis of rotation of a compound body, like a ship at sea, when 
acted upon by external forces applied at different points and in 
directions that vary. 



82 



OF ROTATORY MOTIONS AKD THE PRINCIPAL 
AXES OF ROTATION OF A SOLID BODY. 

When a body receives, at tlie same instant, impulses whicli are 
separately able to produce rotation about different known axes, 
tbe result will be, that the body will rotate about a new and 
determinable axis. The problem to be solved may be simplified 
and stated thus : — Let a body tend to turn at the same instant 
about each of the three rectangular axes OX, OY, OZ, with the 
respective angular velocities Vi, Vz, v^ ; the portion of the axis 
about which the body will actually turn and the angular velocity 
of the rotation are required. 

Let ^1 be a particle of the body, OB = x ; BG = y ; GBi = z. 
^1 is a very small parallelepiped whose conterminous sides dx ; 
d/y;dz; are supposed to be parallel to OB = x ; OA = y ; OE 
= z, respectively. The very short line called the differential of 
aj, and conventionally represented by dx, not to be taken as the 
product of d and x, is supposed to be always of the same length 
for every position of the particle ^i, when x is taken as the inde- 
pendent variable. But dy and dz may be equal, greater, or less 
than dx, according as the lengths and positions of y and z vary. 
The plane of the circle FiSiOiHi, perpendicular to OF, is parallel 
to the plane of the circle FBOH, which passes through the axes 
OX and OZ, SiB is supposed to be drawn perpendicular to plane 
of HjOi^iFi and consequently perpendicular to the plane HOBF, 

So far, the ideas that Fig. XVII assists to convey being clearly 
understood, let us first consider the motion of B^ about the axis 
OF; this will be in a circle HiOyBi, and we shall suppose it to be 
in the direction of the arrow. Suppose ^i to be transferred to B, 
the plane of the circle HOB being parallel to the plane HiGiBi, 
the particle at B^, or at B has no motion in the direction of OY; 
and the motion of B in the directions of OX, OZ, will obviously 
be the same as if the circle HiOiBi coincided with HOB, The 
body of which ^^ is a particle may be of any known form what- 
ever, and all the innumerable small parallelepipeds, like ^i, of 
which we suppose the body to be composed, may be imagined to 
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be transferred in a similar way to the plane of ZOX while we 
examine the turning motion of the body abont the axis OY. 

As ^1 or B turns towards the plane XOT, its co-ordinate x 
increases, and its co-ordinate z diminishes ; therefore, the diffe- 
rential of aj, (dx), with respect to the time, will be positive, and 
that of Zj or dz, negative. Now observe, x is no longer the prin- 
cipal variable, but changes with the position of 8i like dy, dz ; the 
principal variable is the time t, which may be taken in seconds, 
and the differential of t, written dt, is the shortest time that can 
possibly be imagined. The absolute velocity of 5 about OY will 
at any time t seconds (t"), corresponding to the co-ordinates oj, y, 
will be in the direction of the tangent Br, taking, therefore, this 
line to represent it, its components in the directions OX, OZ, will 
be Bq, and Bp, Since the expression for the absolute velocity is 
OB X V2=^ Br; the velocities Vi, v^y Vz, are taken at a unit of dis- 
tance from 0. Since ^g = 5r X sin. Brq, and the angle qrB = 
BOB ; therefore, ^g = 5r x sine of BOB ^VzX OB x sin. BOB = 
V2 X BB =^ Vi^. Therefore, V2^ = Bq, expresses the velocity in the 
direction of OX which is due to the rotation about OY. Again, 
^ = ^ X COS. rBp =: OB X ViX cos. rBp = V2X OBX cos. BOB = 
V2X, which represents the velocity in the direction OZ to be taken 
negatively; therefore, the velocities in the directions OX, OZ, 
due to the rotation of any particle ^1, at the point x, y, z at any 
time t seconds (Jt") 

are V'^ and — ViX, 

In the next place let us consider the rotation of the particle B^ 
about the axis OX, from Y towards Z ; suppose ^i to be trans- 
ferred to D in the plane YOZ, and applying a similar process of 
reasoning we shall find for the velocities in the directions OZ, 
and OY, the values 

v^y and — ViZ, 

Finally, a similar process of reasoning may be applied when 
the rotation is about OZ from OX towards OY-, suppose B^ to be 
transferred to in the plane XOY, we have, for the velocities in 
the directions OY, OX, 

v^x and — v^y. 

When all these rotations have place simultaneously we have 
the partial velocities V2!z and — v^y along the axis OX; v^ and 
—ViZ along the axis OY; and v^y and —v^x along the axis OZ. 
During the time dt the distances described along the axis OX, 
OY, OZ, may be represented by dx, dy, dz respectively ; hence, 

f2 
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tlie following expressions for the whole velocities in these direc- 
tions will be, 



dy 

dz 

di - J 



= viy — v^ 



(A). 



From these expressions, we may find about what axis the 
body actually tnms at the instant t seconds (t"), for when the 
motions have place simnltaneonsly every particle in the axis of 
instantaneous rotation is motionless ; consequently, 



dx ^ 

37 = ; that is, V2Z — vzV = ; 
at 

dii 

-=7 = 0; that is, v^ ^ ViZ =^ ; 

at 

dz , - 

37 = ; that is, Viy =: v^ix = 0; 



(B). 



Because Vi^ V2, v^ are given numbers, these three equations are 
of a straight line in space passing through the origin of the 
axis; two of these equations are sufficient to determine the 



position of this line ; the equations x = — z] and y = — 2 ; 



1?3 



Vs 



may be taken. In these equations — and — are the trigono- 

metrical tangents of the angles which the projections of the 
instantaneous axis make with the axis of z. If we take any 
point in the instantaneous axis, whose co-ordinates are a^, 3/1, Zi, 
then the distance of that point from the origin 0, will be equal 

hence, if a, /3, 7, denote the angles which the instantaneous axis 
of rotation makes with the axes OX, OY, OZ, we have 

COS a = \, divided by ^ («,« + „,e + ^,.)» = ___^_-_ ; 

■J '^3 Vi 

»^d cos P = ^^^^-^-^—^., COS 7 = (^+^,, + ^,,).5 

and hence, the position of the required axis may be found in 
terms of the known velocities Vi, Vj, v^. 

To find the angular velocity of the body about the instan- 



\ 
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taneons axis we have to consider only the angular velocity of any 
single particle taken at any point we please ; let the particle be 
taken on the axis of x ; from the particle whose distance from 
along the axis OX = aj, draw a perpendicular 'p to the instan- 
taneous axis ; then 

J, = « Sina = a, (1 - COS ».)» = (^^, ^ ^^, ^ : ^^ 

Put F for the absolute velocity of the particle whose perpen- 
dicular distance from the axis 0X = ^; it must be observed 
that ^ is pei^ndicular to the instantaneous axis and not to OX. 
Then we have 

_ Idx^ + d'f + c?22\i 

K + ( ^ , g j which becomes a? (va^ -f- i^j^j* 

for the position of the particle is so selected that in the second 

members of equations (J.), y = and ar = 0. Then if v be put 

for the angular velocity, that is the velocity at the distance of a 

unit from the instantaneous axis of rotation, we have 

F 
V the angular velocity = — = {y^ + Va* + «^3^)* ; (C^). 

We have now established the following abstract truths, which 
are capable of being practically applied, namely, that three simul- 
taneous angular velocities 'o^^ v^ v^, about three rectangular axes 
OX, OY, OZ, are equivalent to the single angular velocity^ 
(vi^ + V2^ + V32)* about an axis inclined to OX, OY, OZ at angles 
whose cosines are respectively. 



cos a =r /,. o , ,. o , .. pNA ; COS ^ = 



^^3 

COS 7 - (^^2 ^ ^^2 + ,;32)i- 

And that, when a body revolves about any axis given in position, 
and with a given angular velocity v, we can always resolve this 
motion, as far as velocity is concerned, into three partial rotary 
motions about three rectangular axes of co-ordinates posited as 
indicated by Fig. XVII. For the equations of the axis of rotation 
on the planes ZOX, ZOY, YOX, compared with equations (J5), 
furnish two independent equations among the unknown quantities 
Vi, V2y Vz ; then, by calling in the assistance of the independent 
equation (0) we are able to find the values of Vi, Va, -^s. In 
equations (£), this considered, x, y, Zy become known quantities. 
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PRINCIPAL AXES OP ROTATION. 

Ab tlie problem, to determme the principal axes of rotation, 
has not been solved in a satisfactory manner, by any mathema- 
tician or writer on mechanics ; before clearing np the difficulty, 
we propose to exhibit it in a clear light without the least disguise. 

A system being referred to three rectangular axes OX, OY, 
OZ, Fig. XV HI, if we call dM the element of the mass, and put 
dM = dxdydz ; and Airther put 

fx^dM = A; SfdM = B ; J^HM. = 0; 
fxydM = D; fxzdM = E ; fyzdM = F; 

the moment of inertia of the system, in respect to the axis of OX, 
will be/ (^2 _|, gi^ ^]\£ = 5 + 0; in like manner, the moments 
of inertia, for the other two axes OY, OZ, will be J. 4- (7 
and A + B, respectively. Let OLPHDCIAB be a rectangular 
parallelopiped, OB = x, BI) = y, DQ = « ; d being put to re- 
present the element of the mass, dM, or dxdydz. BL^ + DQ^ = 
the square of the diagonal BQ the perpendicular distance of Q 
from the axis OX; hence (y^ + z'^)b, will be the moment of 
inertia of the element d, with with respect to the axis OX, 
The moments of inertia, for the three axes OX, OY, OZ, being 
given, it is required to find the moment of inertia for any other 
axis OK drawn through the plane ABDQ and the origin 0. Let 
ON be the projection of OK on the plane YOX, that is the plane 
DHOX ; and let the angle NOX, on this plane be put = 0, and 
the vertical angle NOK = 0. 

In the plane DHOX, draw DE perpendicular to ON, and let 
the co-ordinates be changed, by making OE = Xi, BE = yi, J)Q 
= «j, = z. Complete the rectangle QDEF, the plane of which 
will also be perpendicular to the plane DHOB and the line EF 
will be in the vertical plane NOK Draw FO perpendicular to 
OK; complete the rectangle QFOO ; we have G0 = FQ^ED = 
y^ = y2. Again changing the co-ordinates, make 00 = x% ; OG 
= y^; 0Q = Z2. 

OCP -h OQ^ = the square of the diagonal QO, the perpen- 
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dicnlar distance of Q from the axis OK; hence (y,' -|- Zi)dy 
will be the moment of inertia of the element ^, with respect 
to the axis OK. 

On the plane DHOB, we have two right-angled triangles 
OBD, OED, with a common hypothenose, the diagonal OD ; for 
clearness this diagonal is not drawn in Fig. XVIII, bnt, this 
line is shewn in the plan, Fig. XIX. Put OD, Fig. XIX = jp ; 
then, 

- = sin DOB; - = cos DOB; ^- = sin (DOB - 0) ; 

Jr Ir Ir 

and -?i = cos (DOB - 0.) 
Now, 
aji = J? coBDOE=zp cos (DOB — 9) = jp(- coa + - aia Oj = 

X cos + y sin ; 

yi = jp sin DOE = jp sin (DOB - ^) =j? (- cos^ - - sin 0\ = 

y cos ^ — aj sin ^. 

To render these expressions less cumbersome, put v for sin 0^ 
and Vi for cosine ; and for the sake of uniformity call OEy ED, 
DQ, Fig. XXII, aji, yi, z^ respectively. Then, 

OE = aji = ajVi -f- yy*^ r The second set of co-ordinates 

ED = y^ =z yvi — QDV > ; (N) ; < x^ yj, «„ in terms of and the 
DQ = Zi =^ z J ( first set of co-ordinates x, y, z. 

On the vertical plane NKEOFO, we have two right-angled 
triangles OEF, OGF, with a common hypothenase OF, which, 
for the sake of clearness, is not drawn in Fig. XYIU, but this 
line is given in the elevation of OEOF, Fig. XX. 

Put OE, Fig XX, = q; 

then, ~ = sin EOF; y = cos EOF. 

Z9 X9 

— = sin (FOE - 0) ; and — = cos (FOE - 0). 

Then, 

(Xi z \ 

— - COS0 + ^sin0l = 

Xi COS + a sin ; 

j?a = gr sin FOO = q am(FOE - <t>) = q (^ cos (f> — ^*siu0 j = 

z cos — aji sin 0. 



88 

For the sake of conciseness and uniformity, put u for si4 
and Ui for cos. ; and calling 00, 00, OQ, Fig. XVIII, ajj, y2» 2?2» 
respectively, we have 

OG = 052 = aJi% + zu\ ( The third set of co-ordinates 

CG 
OQ 

Substituting in (P) the values of ajj, 3/1 given in (JV^ ^^ 

obtain, 

^ f The third set of co- 

OG = X2 = (xvi -f yv)ui + 2/v 



= 052 = aJii^i + 214 \ / The third set of co-ordinates 

= 2/2 = yi ?- ; (^) ;^ «»» 2^2» ^2» ^^ *®^^i^ ^^ *» ^ 

= 22 = 2^ — ajjtt I I and x^ yi, z-^. 



GG = y2 = y^i — ito 

GQ = 2?2 = zui — (xvi — yv)u 



Yi iQ);i 



ordinates Xz, y^, 22, 
in terms of the 
given co-ordinates 
05, y, 2, and the 
vaj^bles and 0. 

Putting 2 for the moment of inertia with respect to the axis 
OGK^ and deducing the value of t/j* -f z^^ from (Q), we obtain, 

2 =/ (2/2^ + z,^) = ^(t;2 + v,%2) 
-f J5 (vi^ + v%2) ^ Gtii^''2DvviUi^—2Eviuui^-2Fvtmi; (B) 

With the data given in equations, (Q) we can determine 
fx^y^M; fx^^dM; and comparing their values with that of 2, 
(i2), supposed to be already found, we shall have, 

It must not be forgotten that J., B, 0, &c., in equation (E), 
represent the given quantities /o5*c2M, fy^dM, /z^dMj <fcc., which we 
have before specified. 

At present we pay but little attention to devices for lessening 
the labour of the calculator ; the principal objects in view, being 
to render the process of reasoning easily intelligible and clear, 
and to present it in as simple a form as possible that will not 
restrict generahsation. 

Amongst all the axes drawn through the origin 0, Fig. XVIIT, 
let it be required to find an axis OK, to which, if the moments of 
inertia of the system be referred, it shall be a TnaTrinnTiTTi or a 
minimum. This problem can be solved firom the two equations. 

(J) = 0; and(g) = 0. 



and \Qi^2dM = — - ( ^rr V 
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DifEerentiating, therefore, the value of 2, equation (JB), sepa- 
rately, with respect to the two variable quantities and 0, and 
putting both the differentials equal to nothing, we shall have two 
equations to determine the angles and 0, that fix the positioi^ 
of the angle required. When is eUminated, there will remain, 
to determine the angle 0, a complicated cubic equation of the 
form 

Ai tan» -{- Bi tan^ ^ + Oi tan ^ + A + ; (8). 

To solve the ultimate cubic equation has, up to the present 
time, presented such difficulties, that no one, in any practical case, 
attempted the solution. Some writers, by peculiar devices, have 
put this ultimate cubic equation into a simpler form than other 
writers, yet the difficulty remained. Cardan's rule will not apply, 
and the methods of Sturm and Horner are too laborious and un- 
certain, especially when the roots are nearly equal and represented 
by very large numbers. Equation (8) must have one real root, 
it being a cubic ; and since the moment of inertia for every axis 
is a positive quantity (j8), must have two roots. Again, if there 
be one axis which gives the moment of inertia a maximum, there 
must necessarily be another which gives it a minimum, and vice 
versa. But if two roots be real, the third also must be real. .Then 
(/Si) will have all its three roots real, arid hence, generally speak- 
ing, will indicate three axes. M. Poisson gives the final cubic (/Si) 
under the form {gg' - hg' - (f'h' + hf - //' + g'h') u} X 

{h' (1 - u^) +U-9)^}+ (9'^ +/') (/'^ - gr = ; (T). 
In which 

tangent - (/^ - g'^TT^Z) 

In this equation (T), uis the unknown quantity and has three 
positive values, each of which gives the sine of two angles, one less 

than -, and the other its supplement. By dual arithmetic, in any 

cubic equation, the value of the unknown quantity may be 
found in a few minutes under an endless variety of forms, 
but all reducible to one or other of the roots. The labour and 
difficulty experienced in finding the roots of equations higher 
than a quadratic, were such that writers on mechanics and other 
branches of applied mathematics were prevented from introduc- 
ing problems involving cubic or higher equations. Nevertheless 
such eqations as (8), and (T), may be readily solved, we will now 
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find the roots of a cubic equation, the most difficult that can be 
imagined ; the co-efficients of this equation are expressed by very 
large numbers, and its roots are all positive and nearly equal. 
Given, 20412203-40404i*» - 438422 78 -40337522*2 + 
31357374-57099221* - 7478846-03569 = 0; (W); 

to find the three roots. 

The solution of the equation (TF), may be effected by an ordi- 
nary calculator in a few hours. This method will be explained 
hereafter. In the present example we find, 

w = + -72737450981487; u = + -71299103200788; 
and i* = + -70748436524477. 

The accuracy of each of these roots may be tested to seven 
places of figures by the use of an ordinary table of logarithms. 

Unless the axis, around which the vessel turns, be accurately 
determined, not assumed, as has been the case, nothing but error 
and danger can result. 



TO FIND THE MOMENT OF INERTIA OF AN ELLIP- 
SOID WITH RESPECT TO THE THREE PRINCIPAL 

AXES. 

Let be the origin of three rectangular co-ordinates 
OX, OY, OZ; ODAB an ellipse in the plane of XOZ, whose 
centre is at ; CEAF an ellipse in the plane of XOT; and 
BEBF an ellipse in the plane of YOZy whose centres are also at 
0. We may conceive a solid termed an ellvpsoid to be formed 
by an ellipse AEOF moving parallel to itself, its two axes at the 
same time so varying, that it shall slide along another ellipse 
EDFBy like the ellipse rmtis, Fig. XXI, whose centre has moved 
from top, along the line OB. 

Putting 00 = a = OJ. ; OE = b = OF; OB =z c =: OD. 

Let d be a point in the surface of this ellipsoid^ and Og = x, 
gk = 2/, and hd = z; and completing the rectangular parallele- 
piped, we have, BO^ : OC^ *. I Bp X jpD : pn^, from a well known 
property of the ellipse ; that is, 

(J2 
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Again, in the ellipse BEDF, we have, BO^ : OJE? : : Bp X 

pD : (pry, 

or, c* : 62 : : (c^ - z^) : ^^ ^^^ " "^^^ = (jpr)*. 

Now, in the ellipse rmsyi, we have, {pny = — ^^ — 5 = {pmr^ 

c 

(pry = ^^ (g^ — ^V = (i?5)2; and pf = x;fi = y; therefore, 
aMl^) ._ 61(^!_^):: ^l£l^_^ : ,e, that is. 



C2 ' C2 • C* 

gg (gg — gg) _ 



o -LO Ur KO" — Z") „ o 

a* : ftg : : — ^^ — ^ — x^ : yg. 



c 



2 



— ftgajg = ogi/g, 



and . • . ggftgcg = ag&ggg + a^c^y^ -f ftgcgajg, and hence, 

cg^ 6»^ag ■^' ^^^• 
This is the equation of the surface of the ellipsoid 

ABCnDmrEBFD, 
and holds good for every point d on the surface. 

By integrating (x^ + yg) dzdydx with respect to z, there results 
(ajg + yg) zdydx + constant. 

From equation (iS), « = ± c a/ 1 — Ts 2 » ""^^ch furnishes 

the two limits of z. The definite integral will consequently be 

p being put for the density of the ellipsoid, which is supposed to 

6V 
be constant. In order to abridge, make h^ j- = 7^ ; then 

the integral, relative to y, of the first part of (T), will become 



^f^\v7-=:fdy; m 



From the equation of the section AEOF of the ellipsoid, on the 
plane XOY, we have, ^j + -j = 1, 



therefore, y = d= ^6«(l - j)= ± ^&'- V 
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It appears also, that r = ± a / 6* g-; consequently, it is 

clear that r = ± ^ are the two limits of the integral (Q), relative 
to y. 

It will now be shown that I y/r^ — y^dy^^i/^y (P)* 

Since v r* — ^* = . — - , we obtain by making y = n;, 

dy = r(Zi; and y* = A*. 

By taking the first member of (P) and substituting these 
results, 

But since during the process of integation r is supposed to 
be constant, 

I y -i = r* X (an arc whose sine=t?) taken between the 

y 

limits + T and — r ; but v = - > 



.* . r* I —7=-^ = r* sin -; which becomes r* sin 1, when w= r. 
But an arc whose sme is 1, =-o .'. r^ I / = rir, 

^ J-r V 1 — V^ 

From the second member of (JB), 

1^1? dv 1? dt) ^ . /I 

, = r' — / the integral of which = r* ( — -tt t' 

\/ j~Zr^ + ^ sin t>. ) when taken between the limits + r and 

— r, after - is substituted for v, becomes - irr^, 
r 5i 

2pca?dx f > — 5 _ pwcT^^dx 

Consequently ^ — W r -- y^ dy = ^ , which, by 

substituting for r', its value, V ^ ar^ and reducing, becomes 

a 

e^ (aV - ^) <ir, the integral of which is ^ (^~-|') 
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and when taken between the limits j; = + a, x ^= — a, there 
resolts 

2p7rbc /a* — a*\ Aipirhccf 

~ir \Z 1) 15 

A similar process of reasoning will apply to 



/ y^ a^ 
^pcy^ V ^ "■ fs - -2 ^«^2/» 



the other member of (T), the expressions being symmetrical, we 
shall have, without further investigation, 



2pc\\f^l-l-^,<My = 



4iirph*ac 
~15 



Therefore the values of the moment of inertia with respect to 

the axis of z, will be — =-p — (a^ + h^) ttie total integral of (T). 

15 

In a similar manner, the moments of inertia with respect to the 

axes of X and y, may be found. If M, the mass of elhpsoid, = 

— ~ — , then, the moment of inertia with respect to the diameter 

DB = 2c, will be represented by 

The moment of inertia for EF = 26, 7 If (c^ + a^), and for 

AC = 2a, the moment of inertia = -f if (c^ -f h^), Now if a be 

greater than &, and h be greater than c ; the moment of inertia 
about AO will be less than the moment of inertia about either 
EF or BD, And the moment of inertia about DB will be greater 
than that about EF, 

In order to form a design we have selected for the midship 
section a semi- ellipsis, not simply because it admits of more rapid 
and accurate calculation, but as, except a circle, it gives the 
largest area with the smallest periphery and least friction surface, 
while it is also the strongest form with equal material. 

We also generally object to a greater rise of floor than this 
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form entails, and we strongly object to flat floors, for the 
following reasons : — 

1. They increase the area of midship section, therefore, the 
area of resistance withont any adequate increase of the capacity. 

2. Are more liable to damage from rocks. 

3. Reduce the action of the rudder and screw. 

4. In rolling their angles are protruded below the keel, and 
such ships besides requiring a greater draught of water are 
more liable to injury when entering a harbour when the water is 
not of much greater depth than they draw, as one of the angles 
is likely to take the ground at each roll. 

5. Tend to reduce the stability, and on a wind they in- 
crease the wind-couple and reduce the practical stability still 
ftirther. 

6. They tend to take strains more proper for the keel ; in a 
word, there is nothing to justify that form of midship body ; any 
necessary capacity can be better obtained otherwise. 

Greater ease of motion dictates that the depth should be 
equal to half the breadth, when it is less in that proportion there 
is a rise of the centre of gravity as the ship rolls ; this tends to 
produce independent oscillations that are better avoided when it 
is feasible ; this proportion cannot be preserved in cargo vessels, 
or steam vessels, arising from the great changes that take place in 
the amount of their cargo op coals ; the less departure, however, 
the better for sea-going vessels. But when the depth of water is 
limited there is no choice, any necessary additional depth can be 
given. 

For the form of the horizontal lines we have taken Scott 
Russell's wave lines, as we think they afford the greatest number of 
advantages, besides that being formed on a law, they admit of an 
equation which fiicilitates rapid and accurate calculation. 

The proportion of length to breadth will depend upon what 
is required of the ship. If speed alone, great proportional 
length. If cargo carriage, a less proportion of length, and if 
necessary for this purpose, a straight of equal breadth might be 
introduced between the extremities. We have, however, selected 
fine lines to illustrate the system. 

We add this further explanation — 

We have given only four divisions and four water-lines. Figs. 
XXII, XXIII, XXIV ; but when greater accuracy of form, <fcc., 
is required, the system pursued in Fig. XXV is followed. 
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Wa/ves voury in thei/r length. — Waves are fonnd to vary in 
their length according to the velocity with which they move. 
The lengths corresponding to the velocities have been observed 
and tabnlated, so that when the velocity at which a vessel shall 
be driven is determined, the length of the bow will be the 
length of wave in the table which corresponds with this 
velocity. 

Propagation of the wave of oscillation. — If a plane be moved 
fast in water there will be left behind it a partial vacnnm, which 
will principally be filled np by the water from below, because 
that will be forced in by the superincumbent water, while that 
at the surface will be so only by the force of the circumambient 
water, which force is very much less ; the water then, which is 
immediately above that which is forced into the vacant space, 
will fall, and the consequence will be that an undulatory or 
oscillating motion will be produced ; this motion has been called 
a wave of oscillation, and is that which is formed behind a vessel 
when she moves ahead ; the length of this wave, as of that of 
the wave of translation, depends on the velocity of its propaga- 
tion, which will depend upon the velocity of the moving body. 
The water being divergent from the bow, if the acceleration of 
it were continued up to the end of the bow there would be a 
partial vacuum formed, then the vessel would sink, and the 
resistance would be increased, so there would be a loss of power; 
such, however, is not the case aft, as the water from the after- 
body is convergent, and therefore may be accelerated up to the 
stempost with advantage, for the greater its velocity there the 
greater will be its reaction, which will be favourable to the 
progress of the vessel as giving her an onward thrust. So it 
may seen frbm Tig. XXV, that the after-body is only half the 
length of the wave, the body terminating when the wave is 
at its highest point and before it has subsided. 

Oomparati/ve length of the woAJes of oscillation. — The length of 
the wave of translation as compared with the length of the wave 
of oscillation is as 2 to 3, but as only half of the wave of the 
latter is taken, but the whole of the former, so the length of the 
fore- body as compared with the length of the after-body is as 
3 to 2. 

The genesis of the waA)e'line cwrve forwa/rd. — Fig. XXV is a 
theoretic wave curve of a water-line ; the genesis of these curves 
is as follows — the length of the fore-body as compared with the 
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length of the after-body is as 3 to 2, therefore the whole length 
is divided into 5 equal parts, and 3 allotted to the fore-body. A 
circle , whose diameter is eqnal to the half breadth determined 
npon, is described with its circumference touching the central 
line, where the fore and after-bodies join ; its circumference is 
divided into sixteen equal parts, and the central lines of the fore 
and after-bodies are each divided into eight equal parts ; then, 
for the curve of the fore-body, from the foremost division on 
the central line lay off the perpendicular distance of the central 
lino from the first or lowest division on the circumference of the 
circle, and from the second division on the central line the per- 
pendicular distance of the second division on the circle, and so of 
each of the eight divisions ; then through these points draw a 
line, and it will be the wave-line curve forward. The curves of 
all the water-lines are similar. 

The genesis of the wave curve for the after-body. — ^For the 
after-body, lines are drawn from the divisions on the circle 
parallel to the central line, on which the distances of the divisions 
on the central line from the fore end of the after-body are respec- 
tively laid off from the divisions on the circle, a line drawn 
through these points will give the wave curve for the after- 
body. The curves of the other water-lines are similar. 

Let Fig. XXVI represent the immersion portion of the body 
of a wave-line vessel. 

Fig. XXVII represents the curves of a water-line, constructed 
in accordance with the wave-line low, each of the lower water- 
lines are constructed in the same manner, the equation for the 
purve may be determined as follows — 

The point describes the curve GGiO^G^ . . . . F as the 
semicircle 02)0, Fig. XXVII slides and turns uniforMdy in passing 

2 1 
along the line OY. When has moved until it is over -, or - the 

6 3 

line 0V\ Q2 shows the position of the semicircle ; when has 

4 2 
moved over 7?, or - of the line OY, Q^ shows the position of the 

DO ' 

2 

generating semicircle ; OF^ = ^ 0Y\ F^G^ = 5, the radius of the 

2 
circle GDO, plus the cosine of ^ of the semicircle ODG, to 

2 4 

radius 6. And OF^ = -^0Y\ F^G^ = 5 + the cosine of ^ of the 

o o 
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semicircle, to radius h ; it may be necessary to observe, that when 

the fractional part of OV be greater than ^, the cosine becomes 

negative. 

If F^ be put to represent any point on the line OV, and 0^ the 
corresponding point on the cnrve GGiGfi^ .... then, by 
putting OV = a, OF^ = aj, and FJJ^ = 1/ ; it is easily perceived, 

. that y z=. h -\- h cos — , sr as is nsnal, being put for the length 

of an arc of a semicircle whose radius = 1. 

Hence it follows that j? = - cos ( ^-7 — j ; when is nega- 

" Vv — &\ 

tive, the corresponding arc to this cosine, written cos. I ^—^r — I, 

Fig. XXVIII represents a quarter of the fore-body, the prin- 
cipal section of which is half a semi-eUipsis. 

Fig. XXIX, a quarter of the after-body, which also has half a 
semi-ellipsis for its principal section. 



PROBLEM I. 

To find the area ofthe fore-deck plane OVB, Fig. XXVII, which 
passes borizontally through the greatest breadth BO, = 4&. 

Since y = 6 + 2> cos — ; and as the circle ODO moves and 

a 

turns in passing from to F, the co-ordinate x of the curve 

OGiOi .... increases, but its co-ordinate y diminishes ; hence 

the differential of y will be negative, and therefdte 

— dy = h sin — d I — 1. 

a \ a J 

Then as the general expression for the area = \xdy, we have 
Areaof 0(7*02 .. VO = h { Bm(^\ d (^)a = 



j (?) ^ Cf ) ^ (?) 



ah 

G 
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But, g^erallj, X being any fimcfion of x, we hare 

y X Bin XdX = Bin X — X cob X; oonfleqnentlj, 



Area 



-rK?)"^ (?)<")= 



^ { »« (^) - (:2)o(»(:2)} + owrtrfion. 

We know that the area yanislies wlien a; = o, hence no correc- 
tion is required. Taking 






between the limits x =z o and a; = a, we find a X & or a5, to be 
the area of OOOiO^ . . . FO, half the area of the fore-deck 
plane. Therefore the area of the whole plane OVB = 2db = the 
area of an isosceles triangle whose base is OB = 4 5, and perpen- 
dicular height OV = a. 



PROBLEM 11. 

Tofimd the Area of the Aft Deck Flam 0, jO, ,0, ,0 . . . Z, 
Mg, XXVII which passes horUonkbUy through the greatest breath 
BC = 46. 

The point describes the curve OiO^O^O . i . .Z sm the 
semicircle OFO slides and turns uniformly in passing along the 
line OZ. ,Q shews the position of the genei*ating semicircle 

OEO for I or 1 of the line OZ; ,00, = 6 + & coiS ^L^aaiii 

the plane of the fore deck, but 0^0 = ? of OZ + thfe ^ad of 

6 

2 

g the semicircle OjEJO to radius h. JQ shows the position of the 

generating semicircle OEO fbr | of the line OZ; JOO^ =6 + 6 

6 



cos -. 



-^ = 6 ^1 + cos ^^^) to ftldius 1 } 6bdOTving, that 
the fractional part of OZ be greater tb 



2 



4 
comes negative, but, and observe ifc well, OO4 = - of OZ + the 

p 

4 
sine of - of the semicircle OEO to radius b. 

6 
If 0^ be put to represent any poiqit on the line OZ, and «0 the 
corrsesponding point pi^ the our^e OiO^O . . . . Z, then by 
pujbting OZ = c, 00^ = 2; and 0^ ^0 == ^, it is apparent that 

xzirzu-^han — 'yU being tiie portion of OZ passed over, and 

to which the sine of - part of the generating semicircle is added. 

c 

y = 6 M 4. cos ~ J, 'as o^ the pl^ne of the fore body. 

From y = J + & cos — , we have ^ "" = cos — , and 

c he 



c 
u^== - cos 



■(s^)= 



and Irom a> = w + © sin — , = sm 



Hence x = ^^bj, _ j/» + -cos ^^-^j. *, 

Thence, as the gei;iffl»l expression for the area = fxdy ; 
Area of 0,0,0 ... ^0 = 

f(26y - y»)» <ty + ^ j cos '(-^^j % = J«%- 
Butf Jcos"'(LZL^) % = £l^cos"'l^-i(26y - y-)> 



. c5 
-I- — ver 



and j (26y - y*) ciy = | (26y - y*)*- |(26y-y')»4 

... Aieji - ^ooB",(LZL^y+ (l ^ I ^ i) (% ^ y2)» + 



-^d 



( L +_ J yer |-+ correotiqp. 
\2 »•/ 



02 
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No correction is required, for tlie expression Vanishes when 
y =z 0, bnt when taken between the limits y =- o and y = 25, it 
becomes 



«-?) 



ver 2 = -— + c6, 



the area of half the aft-deck plane, = OiOfiiO .... ZO ; 
whence, the area of the plane O^GZl^B = irb^ + 2cb = the area 
of the generating circle OECD, and an isosceles triangle whose 
base OB = 4&, and perpendicnlar height OZ = c. 



PROBLEM in. 

To find the solid content of \-Mli the fore solid, or ds it is 
usually termed, the half fore tody OHBQOiXV; and also to find 
the solid of any sHce, 0QB8TX, Tig. XXYIII, paraUel to the 
plane QdXO. 

OHBQ is one qnarter of the elliptic midship section ; 
OH=h; OS=Z', 8B=:2zi; OX=a; 0Q = 2h. 

From a property of the ellipsis, ^i= t (J^ — ^) ; the area, 

as before shewn, Prob. I, of the plane B8T = aai ; therefore, the 
solid content ^^ f(az^dz. 

But j (<w,) <fo = f-f (^' - «')*<^« = ^ (*' - '^)* + 

abh . ^ - 2J , . _- 

-^ sm ^"^ - + correction. (J). 

We know that the solidity shonld vanish when « = ; now 
this happens in the above expression for the solid content of 
QHX when 2 = 0, hence, no correction is reqnired. 

When z=:h, then — (h^ — z^) + ^ sin""^ | becomes ahh 

Consequently, fonr such solids, as that shown in Fig. XXVI, 

would have a solid content = 4ibh x 7 X a, which is eqaal to half 

the solid content of a cylindrical body whose base is an ellipse 
(conjugate diameter = 46, transverse = 2h), and length = a. 
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Let j7 = a nmnber greater than 1 ; and find an arc to 
radins 1, whose sine = - and call q its cosine. Putting js s - in 
(t7), we have, for the solid content of any slice QE/ST, 



ahh 



{(^^" 1} = ^{£ + .}, .«. 



If - = H = -3333833 ; then = -8398371 ; and g or cos ^ 
^3 ' . 1 . 

= -9428091. 

('9428091 \ 
3 — + -3398371) = ahh x (6541068) the soUd 

content of the slice across the whole deck in front of the line OQ, 
Bat ahh X o = the solid content of the fore body from the 

greatest breadth to the keel, hence ahh | o ~" '6541068 / =s 

= ahh {1-5757963 - -6641068} = ahh {-9216895} = the soHd 

content of the lower part BH8TV, after the slice is remored. 

And further, ahh {1-5757963 -h '6541068} = ahh {2-2299031} = 

the solid content of twice QBHOXVy with twice the solid content 

of the slice QB80XT added. Suppose the vessel to be carried 

h 
up square from the plane OQOJi to a height 3= - then the solid 

h 2ahh 
content of the part added woxdd be = 2ah X - « : and the 

solid content of the fore body so foiled would be ahh X o + 

ahh>C^=ahh {| + ^}; {L). 



PROBLEM IV. 



To find the solid content of one-fourth the aft solid. Pig. XXTX, 
termed the aft half body, OQBEFOiG ; and also to find the solid 
content of any slice QBSOBOj parallel to the plane QiOOO. 

The plane 4OQOO, Pig. XXTX, represents the plane OiO%OiO . . 
ZO, Pig. XXVTE, OEBQ represents one quarter of the elliptic 
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midsliip section ; OBr= ^ ; 0S=«; 8B = 2z^, 0(7=c; OQ = 26; 
then «i = T (^' "— «*)* from a property of the ellipsis. The 

^rZi 

area of the plane passing through D8B = csfi + -g" 5 *^^ 
Problem 11. 

Therefore, the solid content of QBHOO4F will be expressed 

KTrzi\ f f ^^ ^^ 

c«i + "o" ) ^^> which becomes, I < ~r"(^' — 2f^)* + o^* 

(^' — »*) > (2« when the value of z^ is substituted. 

25? J (^ " ^ ) ^^ =' 2?? V^' "" 3J = "2" - 6?ir5 and, 
he C he ( z - . Af' -1 « 1 

consequently I ) X ^^* ~ ^'^* "^ 2X? ^^' "~ *'*) f <^ = 

Hence the soHd content of the solid QJJOFSO = 
T (2 (^ — 2T + Y sm ^1 4- -g- — -g^ + correction; (5). 

When « = 0, the solid content = 0, and, therefore, the 
expression (B) for the solidity, if complete, must vanish when 
2 = 0. It is found by inspecting {B) that the expression 
vanishes when 2 = 0; consequently ( JB) requires no correction. 
When z =- hy (B) becomes. 

he "h? ir wh% Trb^h^ wheh wh^h 
-^ X Y X 2 + ~2""""6^ = ~r +"3" "= 

^^^ (3 + i) 5 ('y)- 

Twice the solid QHO, or the aft body from the keel up to 
the greatest deck plane, has a solid content represented by 

27rhh ( Q + 4 )> which is equal to a cylindrical solid whose base 
is the whole ellipse, of which OQRH is the quarter, and whose 

length is equal jh of (twice OQ + three times 00). 

The content of the whole solid, that is four times the 
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4 
solid QHOf = vhch + „ 6% = half a cylindrical solid whose 

base is the ellipse of which OQBH is the quarter, and whose 
length is equal 00 = c ; together with a spheroid, the revolving 
axis being 25 = OQ, and the fixed axis 2h = twice OH. 
Now if 



z 



= 08 = i (B) becomes ^ \-(l-^)^ + sin"' 1) -f 



2 



{i-^} <^' 



the solid content of the slice 0B800D. Suppose i? = 4, then 

- = *2500000. K ^ be pnt for an arc, to radius 1, whose sine = 
P 

- ; ( 1 — —s )* = cos 0, which call a ; then, (/), may be put under 
the form 

In the example we have chosen, 6 = '2526801, aoi arc of 
14° . . 28' . . 39" to radius 1 ; cos = '9682458 = q ; then, in 
this case (K) becomes, 

«{i!^ + .2525801} +^[Lll] = 

Consequently, the solid content of the slice, across the afb 
half body cut by a plane D8B parallel to the plane of OOQ, 
whose depth 

OS = J of Off = fec^{-4947416} -f 7r6% [^j]. 

If the slice be removed the solid content of the remaining 
portion below the plane DSB will be 

hchl^ - -49474161 + ^'^[^ -gJ =" 
hch (1-0760547) + h^h [1-8600201] (L), 

But if the slice be added above the plane QOO the solid 
content of the body thus formed will be 

6cfe { g + -4947416 } + h'h [y + ^]. 
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METHOD OF AVBBAGING PRODUCTS, AUTD OF FIND- 
ING THE CENTRES OF GRAVITY AND GYRATION 
OF COMPOUND BODIES LIKE SHIPS, WITHOUT 
CALCULATION. 

Owen two reeta/ngvlovr parallelograms aefg and ebJuiy to find a 
reckMgukur pa/raUdogram, adeb whose area is equal to the sum of 
the areas aqfe^ Fig. XXXTT^ and ebhn together, 

Prodnce gfio By draw the diagonalAB cuttang/n in q ; draw 
dqc parallel to Ah^ then the rectangular fignre dcba = a^g + 
ehhn. 

For the rectangle qnhc^ according to the proposition before 
proved, page 69, Fig. II, is equal to the rectangle qdgf. 

This proposition establishes the truth of the method here 
introdnced to average, almost instantly, any nnmber of products 
without calculation. The following simple example will illus- 
trate the method. 
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13ie mode of using iibis table is as follows : — ¥ig, XXXIJLL. 

A horizontal line is drawn tlirongh the point TTtiU it cnts the 
perpendicular to the second weight at a^ then a line is drawn 
from 11 feet, the distance of second weight. A horizontal Une, 
dotted and drawn to and through &, the point of intersectian of 
the perpendicular line, the first weight and the above diagonal 
gives the number of feet, which is the average required for the 
two first weights. The process may be continued, and &3, or &7, 
or hlO, or 6 13 is the average for all the weights preoedinfi^ any 
one that may be selected. 

The lines on the calculating scale are not necessary^ we may 
suppose a large slate, like ABGD, having very small accurate 
squares cut over its surface, numbered at the top and left side. 
That constituting a measure that may be employed for obtaining 
various averages. 
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APPENDIX B. 



ME. FROUDE'S ERROR AS TO THE ROLLING OF 

SHIPS. 

As Mr. Fronde's theories concerning the best mode of preventing 
the rolling of ships in a seaway have been extensively applied in 
onr Navy, it has become a matter of great importance to demon- 
strate their erroneous character, and to point ont the great 
danger of continuing to apply them. 

It is fortunate that the persons are few who have, as yet, 
adopted them, and these few, for the most part, amateurs, 
unacquainted with the behaviour of ships at sea; however, as 
these have been, and are being, allowed to experiment, without 
risk to themselves, but to the great peril of the lives of our 
officers and seamen, the case has become very serious. 

Let us now examine the principles on which Mr. Fronde 
proceeds. 

He alleges that " the effort of stability is the lever by which 
a wave forces a ship into motion ; if a ship were destitute of 
this stability," he says, " no wave that the ocean produces would 
serve to put her in motion." 

He offers the following explanation and illustration in proof 
of the correctness of the above view : — 

"I regret you did not notice the conclusive experimental 
proof I exhibited of the fundamental proposition, that the surface 
of a fluid when dynamically inclined is virtually level to a body 
which floats on it, and as it really lies at the root of the whole 
theory of the behaviour of a ship amongst wave«, I am anxious 
that not only my re-statement of it, but reference to the ex- 
perimental proof of it should appear also." 

Mr. Froude then gives the following as the experimental 
proof of his fundamental proposition. If this, therefore, is shown 
to be without foundation in truth, his whole theory falls to the 
ground. 

"K a shallow dish of water be suspended by three equal 
strings brought to one point, so that it is level when it hangs at 
rest, then if the meeting of the strings be taken in the fingers^ 

H 
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the dish may be swung about in any direction whatever without 
spilling the water ; indeed, it is impossible to spill the water so 
long as the suspending lines are kept tight by the operation ; 
and if a stable floating body be placed in the water it will carry 
its mast at right angles to the water, whether it owes its stability 
to deeply-stored ballast, or to a broad plane of flotation." 

Now there are other conditions that must be complied with 
before the floating body can be swung in " any direction what- 
ever;" and it is not impossible to spill the water "so long, 
merely, as the suspending lines are kept tight by the operator," 
for the water will inevitably be spilled if the motion be not 
communicated concurrently, slowly, and equably to the contain- 
ing vessel and the water: moreover, when the model ship is 
placed on the mimic sea, it also must be so placed before motion 
is communicated to the dish and water, for if all are not put in 
motion at the same time, then the motion of the ship and water 
will not synchronize, for they will be subject to different aniounts 
of force, and " the fandamental proposition " will be seen not to 
hold good. 

The principles contained 'in the experiment are the same as 
those which obtain in the milkmaid's trick of swinging her pail 
of milk over her head, and in the practice of the sailor in swing- 
ing his sounding lead over his head: in each case sufficient 
velocity, in rotation, must be given to overcome the gravitating 
force, or the milk will be spilled, or the sailor will be advised of 
his stupidity by a good thump. In the case before us, unhappily, 
it is the sailor who is punished, because another, the philosopher, 
ignores the existence of a well-known law. 

Mr. Froude, having stated his fundamental proposition, that 
" the surface of a fluid, when dynamically inclined, is virtually 
level to a body which floats on it, overlooks the essential difference 
between the conditions which obtain in his illustration, and those 
which obtain in a ship in a seaway. 

Because the floating body on his mimic sea is subject to the 
like dynamic forces with the water, and moves with it, he 
assumes that a ship in a seaway "is subjected to the same 
dynamic force as the wave on which she floats, and might be 
treated as a surface particle on it," which is simply impossible, 
as a ship is subject to other forces than those which the sea give 
out ; and though she is subject to the motions of the wave, . she 
does not accept the wave motion, for if she did, her motions 
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would always synchronize with those of the wave, which they 
never can entirely do. 

And notwithstanding that the floating body on his mimio 
sea would continue to move with the water (if once set in 
motion with the water, and is not subject to any other force, 
as a ship amongst waves is), whether the form of body 
were V- or U-s^iaped, whether the centre of gravity were 
high or low, whether the body had one keel or a dozen, 
small or large ; and this, because there is no motion of the 
particles of water amongst themselves, nor of the floating body 
amongst them, other than those produced by the one power; 
they all being moved by the same power at the same time, and 
to the due extent, according to their relative positions in the 
orbit of motion, the upper parts or particles moving in the 
least arcs, though their motions may be modified by the law 
of gravitation ; yet every one of the above changes in form, in 
weight, and in disposition of the weights, would afiect the 
motions of a ship in a seaway in facilitating or in retarding 
motion, so that a ship's motions could not synchronize with 
those of the wave. Moreover, as the motions of the water, in 
his illustration, are different from those of water in wave motion, 
in which the upper parts or particles moving with greater 
velocity than the lower, there is no analogy to the conditions of 
the water in the dish ; also as the parts of a ship are substan- 
tially rigid, and one part occupying space amongst the fast 
moving particles, and another part amongst the slow moving 
particles, it is impossible that the ship could move wholly with 
either one set, or the other, or with both more than in part, and 
in some varying degree. Again, while in his illustration the 
containing vessel, the sea, the floating body, and cdl the water 
are moving together, under the impulse of the centrifugal force ; 
in the case of a ship at sea there is a portion of every ship that 
is down amongst the unagitated water, below wave motion ; 
this portion of the body would resist and retard motion, and 
prevent a ship from accepting and moving with the waves, if 
otherwise free or disposed to retain her masts perpendicular, to 
the slope of the wave. Indeed, were it true we should not have 
any such cases, as ships and boats being rolled over by waves, 
which are only too numerous, and will be more so in proportion 
as his ideas on that subject are adopted. 

In fact in no case are the circumstances of a ship amongst 
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waves similar to those of the illnstrative model, nor can a ship 
ever "accept the aggregate dynamic conditions of the sea on 
which she floats," nor still less " be treated '* with any regard to 
truth " as a surface particle of the wave on which she floats." 

Indeed Mr. Fronde's own scheme of a number of deep bilge- 
keels, for the purpose of checking motion, negatives the idea that 
a ship accepts the aggregate dynamic conditions of the sea, for 
it proceeds on the supposition that she does not do so, but, the 
contrary, that she rotates in, and through the wave, and not as 
•* moving with the wave, and as virtually forming a part of it," 
so also is his panacea for rolling, contrary to the idea, that " the 
surface of the fluid when dynamically inclined, is virtually level 
to a body which floats on it " for therein is provision made for 
arresting the body by contact with the water. 

There are also further limitations on the motions of a ship in 
a seaway, to which the model in Mr. Fronde's illustration is not 
subject. 

Thus the amount of a ships^s motions are the result of the 
wind on the sails, or on the hull and masts, or the inertia of the 
masts and sides of the hull, together with the ever- varying re- 
sistances from onward, and from rotatory motion, while in the 
case of the model there is but one motor, and one influence 
ruling, that and gravity being common to both. 

Nor can it be conceived with any approach to correctness that 
the place of the operator's hand, as specified in Mr. Fronde's 
illustration, ** holding ever so tightly the strings," can represent 
the point of buoyant suspension of a ship, or even on the 
principle that her motions are analogous, as they are not, 
to those of a conical or other pendulum, nor that the three 
strings represent the lines of buoyant power meeting in the hand 
of the operator. 

These forces, as the ship rolls or is inclined, are continually 
changing in direction, and in amount, as it were, first on one 
string, then on the other ; therefore the point of suspension and 
length of strings are continually changing. 

Lastly and conclusively, the conditions of Mr. Fronde's illus- 
tration require that the ship shall be suspended by three or 
more strings, or something analogous, and not that only, but 
that the wave or waves on which she partially and temporarily 
floats shall also be like as in the tray experiment suspended, 
net that alone, but that each wave as it arrives up to, and 
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passes under her shall be likewise so suspended ; nor that only, 
but that the ship, the sea, even to the depth to which any 
portion of the ship is immersed, and a portion of which is 
always below the limit of the depth of wave motion, and all, 
altogether, shall be supported on three or more strings, and be 
all moved together, and to the same extent, by an invisible hand 
communicating motion from one point above the ship : whereas 
everyone must know, if he knows anything about the motions 
of ships at sea produced by waves alone, that instead of this 
imaginary hand, or power moving the ship from above, the ship 
is always in a seaway moved from below, without the interven- 
tion of strings, and that the water and not sti4ngs or a hand or 
anything analogous, is the motor, and which, unlike the hand 
and strings in the experiment, never succeeds in wholly imparting 
its own motion to the vessel floating on it. 

There is nothing of that which is required by Mr. Froude's 
theory, which is therefore a mere fiction ; and though there 
doubtless is a superstructure of superior mathematics built up by 
him, yet as it is baseless, his conclusions could not be otherwise 
than erroneous, and proportionably deceptive, and the adoption 
of them could only lead to the damage of our ships, aud danger 
to the lives, if not also to the death ot some of our seamen ; aud 
so it has proved, in the sad fate of the loss of the ' Captain,' and 
in the great danger to which other ships were exposed, as the 
writings of the advocates of these erroneous views have prac- 
tically admitted. 

Then he says, " The eflTect of stability is the lever by which 
a wave forces a ship into motion. If a ship were destitute of this 
stability no wave that the ocean produces would serve to put her 
in motion, whether the stability be due to deeply-stored ballast 
or to the broad plane of flotation." 

Yet the effort of stability is originated by, and is not the, 
originator of, motion ; it is the effort put forth in resisting motion 
and increases in amount with each increase of the extent of the 
motion, up to a certain point. 

Stability may be obtained either by deeply-stored ballast, or 
by a broad plane of flotation, or in part by both ; but they are 
unlike, and in some degree opposite in their operation and effects, 
yet here also Mr. Froude treats them as though they were strictly 
alike in their operation and in their effects. 

Ko doubt the plane of flotation in proportion as it is wide 
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when the sea is motionless, therefore not a motor, gives a very 
high degree of stability; bnt when the water is moved into 
waves, that same broad plane becomes proportionally a/n instru- 
ment, bnt not a motor, by which the waves give mnch greater 
motion to the ship, they being the power that pnts the ship in 
motion— making her unsteady, yet not unstable, as is argued by 
Mr. Fronde, for, in that case she would capsize, as his model also 
would, if unstable, and would not preserve its masts perpendicular 
to the surfoce of the water, this new hypothesis notwithstanding. 

Unquestionably if a ship be without stability, as Mr. Fronde 
suggests, she will be unstable, and not steady, but will do the 
opposite to that stated by that gentleman, viz. "not be rolled by 
any sea whatever," for she will certainly roll over, as was near 
being demonstrated in the case of the " Vanguard " and her sister 
ships ; no doubt she will not roll in the sense of rolling from 
side to side, for being once rolled, and not possessing stability to 
bring her back to the perpendicular, even when the rolling force 
ceases to act, she will roll over. 

Still less is there any tendency in ballast or a low centre of 
gravity " to put a ship in motion ; " its action is to preserve the 
motionless condition of the ship, and it possesses no leverage till, 
by motion, it has been pushed out of the perpendicular by some 
force which is neither that of stability nor of ballast, ballast itself 
never being even like the broad plane of flotation, an instrument 
in originating greater motion ; on the contrary, when it is pushed 
out of the perpendicular, its effort is always to bring the ship 
back to the motionless condition, and its effort in this direction 
is greater in proportion to the extent of the disturbance from the 
perpendicular, a disturbance originated by that other force ; and, 
in proportion as the ballast or centre of gravity is lower, does it 
tend to limit the extent of the motion, which is the opposite of 
the action of a broad plane of flotation. 

In proportion as the stability is derived from the weights 
being placed low, and relatively great as compared with the 
smallness of the plane of flotation, a ship will roll less and less. 

Many have seen this fully illustrated in the steadiness or 
freedom from rolling with which a boathook floats in the midst 
of waves. 

This condition is also well illustrated by a floating target, 
which remains vertical because of its studiously low-placed 
centre of gravity and small plane of floatation. 
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Let anyone take a boathook and load it still fnrther near the 
hook, so as to push it well down into the water, and arrange that 
the stave or wood handle shall be as small as will consist with 
floating the added weight, if placed in the midst of high waves, 
it will be fonnd to float, and continue to do so, nearly upright, the 
waves, as they pass, running up the stave, without inclining it 
further or rolling it, and why ? 

Because the great weight acting low down with all the force 
of the stability which it gives out, in consequence even of the 
small incline from the perpendicular, is exercised, not as Mr. 
Froude suggests, " to put the ship or handle in motion," but to 
prevent further motion except in the vertical plane; and the 
ballast succeeds in preventing niotion, because the whole plane 
of flotation, or more properly the volume subject to immersion 
and emersion as the waves, and hollows, between the waves, pass, 
and which alone constitutes the instrument through which the 
waves act to put the ship in motion, is little or nothing compared 
to the force of the low weight, and to the action of the body 
low down in the undisturbed water, resisting motion. The 
obvious course therefore to be pursued, when it is desired to 
reduce the amount and the rapidity of motion in ships, would 
be to keep the plane of flotation comparatively small, the centre 
of gravity low, and make the depth half the breadth or as great 
as would consist with general good qualities, and the object for 
which any particular ship might be destined. 

Instead of which two other courses are recommended by 
Mr. Froude and his school, viz., to raise the centre of gravity 
as compared with that in ships generally, and to distribute the 
weight outwards and on to the sides. 

We may examine the effect of such recommendations with 
advantage. 

The condition of ships in a seaway is DMsunderstood, as is 
the effect of increasing the inertia of their sides ; the condition 
is not as supposed by Mr. Froude, that of a ship moving with, 
and as a particle in the wave ; when waves are large or are 
steep, and are travelling fast across a ship's path, sKe has no 
time and may have very little tendency to accommodate her 
seat in the water to the surface or level of the wave, so that it 
becomes oblique to the ship's water-line, as in Fig. 1, producing 
an inequality in the pressures, which are the cause of the rolling 
motions. All the conditions of the pressures on the inclined 
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l)ody in still water as shown pages 73-4 of onr ironclads and 
merchant ships, holds good equally as to the upright body with 
reference to an inclined surface of the wave. 
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FIG. I 




In comparing two ships, or the same under different con- 
ditions, we must assume the wave to be alike in all particulars, 
then consider the variables and their consequences. 

The disturbing wave force then is the same, whatever 
may be the form or distribution of weight in the ship, yet 
the effect of that force will vary considerably as the above are 
changed. 

We will suppose Fig. 1 to represent the cross section of a 
ship, which, by weighting her sides, is prevented from inclining 
with the wave, or from accommodating herself as much as she 
otherwise would to the surface of the wave, which is represented 
by the wave line curve. 

There is a complete change in the amount of the pressures 
from those that existed when the sea was level, and the ship 
upright ; suppose the new pressures to be represented by the 
arrows at P, P', and p. 

The water has accumulated at P, raising the point and in- 
creasing the amount of lateral pressure on that side, while the 
water has partially left the other side, decreasing the pressure 
there and lowering the point to p. These two pressures act as 
a couple to rotate the ship ; that at P high up, and more high as 
the wave is higher, and its upper particles moving with greater 
velocity. That at p low and more low as the hollow of the wave 
is deeper, and their power to rotate the ship increases in the 
same extent. 

Then P*, moved over to the side of greats pressure, acts up on 
a line normal to the earth, and perpendicular to the mean level 
of the sea through t\ Om the first instance representing the 
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position of the centre of gravity, and O t the perpendicular 
distance from the line of pressure ; this also tends to turn the 
ship in the same same direction as the other pressures. 

It is clear that the greater is the accumulation of water the 
further P will be carried over, and the greater will be the lever 
G t, which in this case tends to overset; consequently any 
arrangements that would tend to increase this accumulation of 
water would be injurious and might be dangerous. 

Now suppose the centre of gravity lowered to O'l, then the 
upsetting lever will be 0' t\ which is obviously shorter than 
G t ; consequently, lowering the centre of gravity reduces the 
power of the wave to incline or roll the ship, and tends to limit 
the arcs rolled through. 

Or suppose, though it is less accurate, these three forces to be 
represented by one at P passing up through the centre of figure G', 
In Fig. 2, it is clear that the greater is the accumulation the 
greater distance (7 will be moved out from a line passing through 
the* middle of the section or ship, therefore the greater will be 
the distances of a perpendicular to the earth passing through 
G from the centres of gravity at G or at G' : obviously as in 
the former case, in proportion as the centre of gravity G is 
lowered, so the disturbing lever is decreased. 

It is clear also that the greater is the breadth the greater 
distance will G be carried out, and the greater will be the dis- 
turbing lever. 

The greater is the accumulation of water also the further is 
G' carried out and the greater is the disturbing lever. The 
greater is the effect of Mr. Fronde's recommendations, the 
greater becomes the upsetting lever. 

The higher also the centre of gravity is, the longer is the 
disturbing lever and the greater is the extent of the motions 
and danger of upsetting. (See page 128 for a more definite 
proof.) 

The more rapidly the wave is moving the greater is the 
difEerence between the motions of the upper and lower particles, 
therefore the higher up is the lateral thrust and the danger 
greater from a high centre of gravity. 

It may be said that in lowering the centre of gravity the 
point round which the ship turns will be changed and, therefore, 
C will not occupy the same place under the altered conditions. 
This is true, but the fact is in favour of our argument, for in 
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proportion as the centre of gravity is low the radius will be 
shorter, C therefore will be moved out a less distance and the 
injurious influence of the wave motion will be proportionably 
less. 

To assume, therefore, that the metacentric height is a 
measure of the disturbing force is erroneous. 

Is is indispensable for a ship's safety, as it also is for her 
complete efficiency, that she should possess a considerable meta- 
centric height, then to reduce this by raising the centre of gravity 
under an impression that the arcs of roll will be reduced is 
erroneous and an unmixed evil. 

It 18 not true, as stated by Mr. Froude, that " the effort of 
stability is the lever by which a wave forces a ship into motion. 
If a ship were destitute of this stability, no wave that the ocean 
produces would serve to put her in motion, whether the stability 
be due to deeply stored ballast or to & broad plane of flotation." 

If, however, the metacentric height is made unduly high by 
great proportionate breadth or by placing a cargo of metal on 
the ship's floor, then the motions will be too ra^id though short, 
in which case the evil may be got rid of, with benefit and without 
danger, by raising the centre of gravity. But still there is a 
minimum of metacentric height, below which it cannot be 
reduced with safety. 

Ships must yield to the waves, and all arrangements and 
designs should be to facilitate their doing so slowly and equably. 
The effect of Mr. Fronde's plan is to put off the inclination till 
the wave accumulates in such force that it will sweep the decks, 
force the ship over suddenly, and possibly overturn her, if she 
be not previously " swamped." 

Therefore the metacentric height, or the distance of the centre 
of gravity from the metacentre, must not be taken as giving 
the measure of the disturbing force, for in lowering the centre 
of gravity the metacentric height is increased, but we have seen 
that in proportion as the centre of gravity is lowered so the dis- 
turbing action and extent of motion is limited; and therefore the 
proposition to raise the centre of gravity with a view to reduce a 
ship's motions is erroneous, and in proportion as it is raised it is 
dangerous. 

No doubt the other proposition, that of increasing the moments 
of inertia by distributing the weights laterally, if it gives the 
wave, so to speak, more to do to lift this weight, on the one side ; 
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it must be remembered that there is besides an accnmtilation of 
water on that side which overcomes these moments, but there is a 
withdrawal of water support from the other side, and that side 
tends to fall in search of support, and the more the weights are 
extended out on that side the greater is the force from that caase 
to rotate the ship. 

Obviously their lateral distribution of weight increases and 
renders a ship's motions in a seaway dangerous in proportion as 
the waves are larger and more steep, the cure for which is con- 
centration of weight laterally and distribution of weight down- 
wards. 

This has been immemorially the wise practice in bad weather, 
to send small yards and masts on deck, to fill empty tanks, and 
get the guns well in from the sides, and notoriously the ships 
rolled less and were easier, and yet the stability was increased by 
two causes, viz., lowering the centre of gravity and increasing 
the surface stability by reducing the weight of the sides, increas- 
ing their buoyant power. Consequently the only distribution of 
weight that is safe in bad weather is that which is downwards, 
and therefore raising weights off the bottom and concentrating 
them vertically is wrong on their own principle, as that reduces 
the inertia, and doubly wrong on the principle we contend for, 
viz., the propriety of lowering the centre of gravity and distri- 
buting the weights vertically. 

The proposition to get rid of the difficulties arising out of the 
adoption of a wrong principle by increasing the breadth and en- 
deavouring to limit the motions this will entail, by deep keels, 
will be a failure : — 

First, it will not effect the object intended. We have passed 
the limit of practicable depth for useful ships, and any increase of 
breadth will increase the disparity between depth and half 
breadth, and occasion, as the ship rolls over and rolls back, a 
greater rise and fall of the centre of gravity, this action will 
occasion, so to speak, rolls, independentof those produced directly 
by the wave by which the total arc of roll will be increased, 
together with an increase of rapidity of roll, which keels cannot 
prevent if they will mitigate. 

This rise and fall it was that caused the frightful rolling of 
Sir William Symond's ships. 

What will happen in a ship with weight concentrated on her 
sides, high centre, and low freeboard, say on the L'Aghulas's bank. 
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with a weather current and steep waves, will be that the great 
inei-tia of her sides will resist their rising to the wave, but 
finally, it will lift her suddenly, but a large body of water 
will break on board, and will rush over to the other side. She 
^vill then have three forces tending to turn her, the beam 
sea lifting the upper side, the weight of water weighing down 
the lower side, and the current running to windward below, 
making an adverse couple to roll her over, all which will be 
facilitated by the empty cells in her bottom. If she is not rolled 
over, it will be that a good Providence has intervened ; if she 
does capsize, we shall know who to hang. 

The same danger will arise from a weather tide or current, 
and from great tidal and solitary waves. 

There are two other elements that materially affect the roll- 
ing motion, viz., length and depth, the greater these are, the 
greater is the resistance to rotatory motion Then, in proportion 
to the height of the waves, the depth of agitated water increases, 
and so does the portion of the ship down in unagitated water 
decrease, and with it the limitation to great motion decreases. 

It is universally admitted that the lower the centre of gravity 
is, when once the ship is inclined by a force, the more rapidly 
will this low centre bring the ship back to the perpendicular, 
but then also, in contradiction to Mr. Fronde's view must its 
power, of necessity, be greater to resist the force of the waves, 
acting through the solids of immersion and emersion to rotate 
the ship : also the wider the plane of flotation the greater 
will be the leverage and power of the sea to put a ship into 
greater motion ; and, coeteris paribus, the higher the centre of 
gravity the less will be the leverage and power of the ballast, or 
low centre of gravity to resist motion. Therefore it is that in 
proportion as the centre of gravity is high, and the vessel broad, 
the effect of the sea in rolling the ship both rapidly and through 
large arcs is greater ! But obviously it is not desirable that a 
ship should roll through large arcs ; for in that case the armour, 
to be a real protection, must cover the whole side thus expose^ 
from time to time at each roll, while, in addition, to a greater 
degree would the unarmoured deck be presented to the enemy, 
and the employment of guns on such a deck would b^ made 
proportionably difficult ; still less is it desirable that these large 
arcs should be performed rapidly. Therefore the plane of 
flotation should not be greater than is necessary to give the 
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requisite stability without having the centre of gravity too 
low. 

The correctness of the above reasoning was abundantly 
shown in the behaviour of the ships forming the Channel 
Squadron in 1871, the large ironclads exhibiting to great 
disadvjmtage, when compared with the small wooden and un- 
armoured ships, though it is proverbial that, cceteris paribus, the 
larger the ship, the better the weather she ought to make. 

Some of the ironclads rolled as much as 62°, some 66°, others 
50^ while the much smaller " Topaze '' rolled but 22^. 

Again, while the little " Topaze " rolled but 22°, the large 
and most approved ironclad "Minotaur" rolled 39°, and the 
large and fine "Northumberland" rolled 38° under similar 
circumstances. 

True, Mr. 'Reed attributes this difference to the existence of 
that which he thus admits, though he had previously denied it in 
former examples, the fact that the " Topaze " had larger masts 
and yards for her size than the others. 

But we may ask if large masts produce such remarkably 
favourable, and, we may add, essential qualities, why not increase 
the size of the masts of the " Minotaur," as they would serve 
other useful purposes in addition ? and why have shortened the 
masts in the " Vanguard " class ? 

The fact is that the effect of the difference of the size of the 
masts in mitigating the rolling motions of the " Topaze," was 
little compared to the disturbing effect of her broad plane of 
flotation, and but for which she would be easier in fine weather 
also, as she is so much easier in rough weather than the iron- 
clads. The proportion of breadth to length in the " Topaze " 
was 1 to 4*7, while in the "Minotaur" it was 1 to 6'7 ; the 
proportion of breadth to length of the " Lord Clyde," which 
was the vessel that rolled through the largest arcs, was also 
1 to 4*7. In fact the metacentric height of the "Topaze " was 
greater than that of most of the ships present on that occasion. 

The rolling of these ironclads is without parallel amongst 
wooden vessels, and is only approached by those of the very 
worst form, and yet the ironclads are, in some respects, of a 
better form than the wooden ships ; the excessive rolling, taking 
them as a whole, being mainly, though not entirely, due to the 
concentration of weight on the sides and want of stability, the fact 
being that no ironclad possesses near '^he amount of stability 
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assigned by the ordinary mode of calculating; this arises from the 
excessive overloading of the solids of immersion and emersion, by 
the armour and by the other concentration of weight toward the 
sides, the consequence of which is that these portions of the ship 
are deprived of buoyancy, and they afford the ship little or no 
support, so when she is inclined they tend little or nothing, 
compared to their volume, to move the centre of buoyancy over 
to one side or the other, in rolling, so for want of this support 
amongst others, the ship rolls through large arcs, once the sea 
has overcome the inertia of the sides. 

And this evil would increase in each, as they were lightened 
by the consumption of their coals, provisions, and water, and 
their stability thus reduced. Greai as were the arcs of roll 
recorded of these ships, the probability is that with the exception 
of the " Lord Clyde " or another, very little of their weights 
were out ; so they were in their best condition ! — how bad the 
best! 

The loss of the steam-ship " Tacna" is an instructive comment 
on the foregoing arguments, and a complete condemnation of the 
latest of the unsafe theories, i.e,, that '' a vessel whose stahUity is 
greatest when placed bottom vpwa/rds, maAj yet he perfectly safe when 
floating wprighL^^ 

The description of the loss founded on a " mature considera- 
tion," as given by the Court, is "the loss of the ship *Tacna' was 
due to an excessive loading of her main and hurricane decks, 
which with the combination of circumstances adduced in evidence 
as having arisen at the time of altering course for the port of 
Los Vilos, caused her to heel over until, fallinc^ on her beam- 
ends, she filled and foundered." 

The Court condemned the Captain for "not having made 
known, in a more especial manner to his employers, the cranhness 
of his vessel, and for not having exercised sufficient care in the 
amount of deck cargo." 

Here is a ship "floating upright" till she comes to turn, 
when the centrifugal force, which is always greater as the centre 
of gravity is higher, capsized her. But will any reasonable man 
say she was safe P 

Even a Pacific sea or a squall would have done equally what 
the centrifugal force did. 

We have no question here as to a deficiency in the reserve of 
stability which a high side is said to give. If we ask where was 
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her reserve of stability that she so went over, echo answers 
where ? 

The Captain was justly condemned for loading the ship as he 
did, knowing her to be crank ; but he was not responsible for 
the latter, and he might in some degree be excused, when persons 
who are said to be the greatest authorities on such subjects say 
that crankness is a benefit and not a defect, so they have re- 
commended little stability ! 

The ship was lost, like the ** Captain," because " she was not 
endowed with sufficient initial stability;" for this the naval 
architect was primarily to blame, and merited condemnation by 
the Court as having contributed to the loss of life which occurred. 
Had the ship been lost within Chilian jurisdiction, it appears 
the Captain also would have lost his life. 

The ship never was seaworthy from deficiency in her initial 
stability, and whether that proceeded from direct design, from a 
double bottom, and from not making due allowance for that, or 
from an error in calcuJation, the naval architect alone was to 
blame and ought to be held responsible, and it will be useless 
legislating for the safety of life and property if naval architects 
are allowed to do as seems good in their own eyes without being 
held accountable. To say that the deck load capsized this vessel 
is no exoneration, as the Froude-Reed system provides that 
ships in a seaway shall have a deck load of the greatest, most 
generally damaging and dangerous kind, that of water, which 
will rush to the lower side and guarantee an upset, for in pro- 
viding, so far as they could, that a ship shall remain upright in 
a sea, they provide that the waves shall roll into and over her. 

These gentlemen may say, Oh, no, we think there ought to 
be sufficient stability to enable ships to carry the amount of sail 
with which they are furnished.' Let us consider this : — 

The maximum pressure of wind must be assumed, acting at 
the given leverage occasioned by height and area of sail, in fact 
the stability must be equal to the force shewn by the wind 
couple in the case, and more, as a force coming suddenly is said 
to occasion double the inclination, the stability should be double 
this; then the stability should be sufficient to bear the ship 
up against inevitable deck loads of water, or a blow of a heavy 
sea striking her when she is inclining, such as proved fatal to the 
" Captain,'* because of her small initial stability. 

The metacentric height, while that is the accepted mode of 
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estimating stability, ought not to be less than six feet for smaller, 
and five feet for larger sailing vessels, somewhat less for steam 
vessels with little more than fore and afb sail. 

It is clear no such quantity was contemplated for the " In- 
vincible," or ** Sultan," and a fleet of other men of war, which a 
deck load of water from a sea, or other weight would have cut 
short in their career while hardly begun, if they had not been 
heavily ballasted, and yet a vessel of war shorn of the power to 
carry deck loads would often be useless ; thus on an 800 ton 
steamer it depended to keep up communications with the army 
in Kaflraria, and the colony, to throw in reinforcements, pro- 
visions, horses and munitions of war, carrying sometimes as 
many as 800 levies with their stores and provisions, and this all 
on deck. Yet this vessel was proverbially an easy vessel. 
Numberless instances of the necessity for such a property could 
be given. 

It may be affirmed also with confidence that various 
exigencies occur, when such a power is necessary in merchant 
ships, such as taking crews off sinking vessels, and yet no such 
power was provided for in the many ships that have capsized 
because of their having deck loads. 

It is worthy of observation when considering any other 
enactment, that Mr. Plimsoll's proposed Act, if in force, would 
not have saved ships in the condition of the "Tacna;" she was 
lost in summer, in the Pacific Sea, and was or might not have 
been immersed boyond his proposed maximum line. 

Naval architects and shipowners should be held responsible, 
the former especially in such cases, and their conduct should be 
the subject of animadversion by the Court, equally with that of 
the captain, officers, and seamen, and if the law does not enforce 
a minimum measure of stability at leadline, with an assumed centre 
of gravity, which should be recorded as an element in safety, in 
case of loss a deficiency in that respect should be a ground of 
charge against the naval architect, and his name should be 
gazetted, if he were not otherwise punished. 

It may be said that we object in toto to double bottoms, 
though they are necessary, because the thin iron skin is more 
easily perforated than is the wood planking of wood ships. 

We do not object to any proper use of a second or inner 
bottom, to make iron ships stronger and safer against injuries 
from taking the ground or from torpedoes, or to facilitate repairs : 
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such ships require it, as their bottoms are far less strong and less 
calculated to bear injury than those of wood ships ; and we doubt 
not those iron vessels, with deep iron bilge-keels, will be specially 
liable to damage ; nay, more, that these very keels, on taking the 
ground, in many cases will serve to tear a large portion of the 
lower bottom out, if they do not injure the inner or upper 
bottom, through the frames, thanks to the little-stability system, 
smuggled into the Navy to " check rolling." 

We do, however, object to raising these inner bottoms un- 
duly, for the purpose of raising the centre of gravity, from an 
idea that it is wise to do so. 

We object to making Jbhe bottoms of vessels light, on the 
grounds of cheeseparing parsimony, and then assuming that this 
makes no difference in the properties of the vessel, that the 
bottoms are equally heavy, though empty, with all other parts of 
the immersed body, even when they are cramm^ full, and then 
assuming that the results of calculations made on such an hypo- 
thesis can be otherwise than erroneous, deceptive, and propor- 
tionably dangerous. That they are so we have proved in pages 
34 to 44 of " Our Ironclads and Merchant Vessels," and need 
not repeat it here. 

We have also demonstrated that in proportion as the spaces 
between the bottoms are large and empty it will be necessary for 
safety to lower the centre of gravity, it will be necessary, also, 
with the same object, to lower the centre of gravity in proportion 
as the sides are more and more loaded and deprived of buoyant 
power. 

The oscillations of wide vessels with heavily weighted sides 
are Hable to carry them beyond the upsetting angle; for this 
reason, also, their centres of gravity would require to be kept lower. 

It will be asked what, was there nothing in past experience 
to justify the adoption of the Froude-Reed system ? No facts, 
no experiments, proving its correctness find safety ? absolutely 
none. 

The one complaint in which all were for long agreed was, 
that our ships were deficient in stability from which they always 
suffered in comparison with French and Spanish ships. This 
led to the introduction of Sir William Symond's system, and the 
success of his ships was entirely due to their greater stability, 
which they maintained till greater stability was given by his 
opponenis. 
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His system was exploded because his stability was, for the 
most part, obtaLiied by a broad plane of flotation, therefore 
his ships were more at the mercy • of the waves, and their 
motions were extravagantly extensive ; the more so that 
they were without a low centre of gravity to limit the range of 
motion. 

When steam was introduced the engines and boilers took the 
place of ballast in keeping the centre of gravity low, more neces- 
sary because of the reduced breadth to obtain speed economically, 
and necessary because of the great reduction of stability when 
the latter part of the coals were being consumed. 

A lower centre of gravity is necessitated in merchant 
vessels by the fact that many of them are obliged to carry deck 
loads. 

As great stabihty and much of it by a low centre of gravity 
was adopted as indispensable by common consent alike of sailors 
and naval architects, the result of long extensive and conclusive 
experiments and represented by a metacentric height of five 
feet to six feet or more, an architect giving much less to a 
design would have been justly esteemed as foolish or criminally 
ignorant. The laws of nature being unchanged, how can it be 
otherwise now in giving metacentric heights such as 2*6 feet, 
2*3 feet, 2*2 feet, and even 1*5 feet under other much more un- 
favourable conditions? There was nothing in the facts offered 
in justification of the course pursued. 

As we now propose to show ; — Mr. Reed wrote, " the steadi- 
'^ ness at sea of our ironclads is due to their want of stiffness or 
" stability : " also that it had been found that raising the centre 
gravity tended to ** check rolling, and that it was a popular 
fallacy to suppose the armour-m^de ships roU." 

It was recommended by Mr. Froude with a view to reduce the 
tendency to roll to raise the centre of gravity of ships, and to 
distribute their weights towards their sides. 

Sir Spencer Robinson accepted the principle involved in 
these statements and writes : — " It is remarkable that, according 
to theory, the rolling of the ships being very much influenced by 
the position of the centre of gravity with regard to the meta- 
centre, and by the moment of stability, the order of rolling of the 
French ships as observed, follows that law." 

The height of the metacentre above the centre of gravity in 
these ships is as follows :— 
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Armoured " Solfermo," 4*5 ft., armoured " Couronne," 5*37 ft. 
Unarmoured " Napoleon," 4*9 „ " Invincible," 6*36 ft. 

Armoured "Magenta," 5*0 „ "Normandie,"6-59ft. 

Unarmoured " TourvHle," 5*31 ft. 

" This," he says, is " precisely the order of merit they have 
taken as to rolling." The " Solferino " rolling least and the 
" Normandie " the most.' 

Now we unhesitatingly affirm that there is nothing to justify 
the conclusion that these gentlemen have come to, viz., that the 
greater rolling was caused by the greater metacentric height, but 
the reverse. 

We accept the statement as to the performances of these 
ships as given by Sir. S. Robinson. 

1st. He says " that the * Solferino ' is superior to all the ships 
of both squadrons," but this includes the " Achilles," yet her 
metacentric height is only 3*1 feet, while that of the " Solferino " 
is 4*5 feet, therefore the theory breakB down, nor is this all, for 
the " Solferino " is nearly one third smaller, i.e., of 2,600 tons 
less displacement than " Achilles," and, therefore, might reason- 
ably be expected to roll more instead of less, and whUe they 
have the same extreme breadth, which is the disturbing dimen- 
sion, the "Achilles " is 90 feet longer ! 

The decided superiority of " Solferino " must be due to the 
lower centre of gravity and greater metacentric height, and the 
weights being on her bottom, tending to limit the arcs rolled 
through, or to "check rolling." 

Again he states " that ' Achilles ' is quite as good as the 
* Napoleon,'" what? not much better! Why the metacentric 
height of " Napoleon " is 4*9 feet, that of the " Achilles " only 
3'1 feet ! The disturbing force of " Napoleon " may be repre- 
sented by the cube of 55, that of the " Achilles " by the cube of 
58, but then the latter is 147 feet longer and has only 4,400 tons 
greater displacement ! Moreover, the French ship not being an 
ironclad did not possess the alleged soporific of weighted sides. 
The theory here is doubly in &ult. The true explanation is a 
low centre of gravity, great metacentric height, and weights on 
the floor. 

Then the "Achilles" is said to be rather superior to the 
" Magenta," when she ought to be very superior, being so much 
larger, that is, 90 feet longer suid 2,600 tons more displacement, 

i2 
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His system was exploded because his stability was, for the 
most part, obtained by a broad plane of flotation, therefore 
his ships were more at the mercy • of the waves, and their 
motions were extravagantly extensive ; the more so that 
they were without a low centre of gravity to limit the range of 
motion. 

When steam was introduced the engines and boilers took the 
place of ballast in keeping the centre of gravity low, more neces- 
sary because of the reduced breadth to obtain speed economically, 
and necessary because of the great reduction of stabiUty when 
the latter part of the coals were being consumed. 

A lower centre of gravity is necessitated in merchant 
vessels by the fact that many of them are obliged to carry deck 
loads. 

As great stability and much of it by a low centre of gravity 
was adopted as indispensable by common consent alike of sailors 
and naval architects, the result of long extensive and conclusive 
experiments and represented by a metacentric height of five 
feet to six feet or more, an architect giving much less to a 
design would have been justly esteemed as foolish or criminally 
ignorant. The laws of nature being unchanged, how can it be 
otherwise now in giving metacentric heights such as 2*6 feet, 
2" 3 feet, 2*2 feet, and even 1*5 feet under other much more un- 
favourable conditions? There was nothing in the facts offered 
in justification of the course pursued. 

As we now propose to show ; — Mr. Reed wrote, " the steadi- 
'* ness at sea of our ironclads is due to their want of stiffness or 
" stability : " also that it had been found that raising the centre 
gravity tended to " check rolling, and that it was a popular 
fallacy to suppose the armour-mpde ships roll." 

It was recommended by Mr. Froude with a view to reduce the 
tendency to roll to raise the centre of gravity of ships, and to 
distribute their weights towards their sides. 

Sir Spencer Robinson accepted the principle involved in 
these statements and writes : — " It is remarkable that, according 
to theory, the rolling of the ships being very much influenced by 
the position of the centre of gravity with regard to the meta- 
centre, and by the moment of stability, the order of rolling of the 
French ships as observed, follows that law." 

The height of the mef/acenfcre above the centre of gravity in 
these ships is as follows :—- 
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Armoured " Solferino," 4*5 ft., armoured " Couronne," 5*37 ft. 
Unarmonred " Napoleon," 4*9 „ " Invincible," 6*36 ft. 

Armoured "Magenta," 5*0 „ "Normandie,"6*59ft. 

Unarmoured " Tourville," 6-31 ft. 

" This," he says, is " precisely the order of merit they have 
taken as to rolling." The " Solferino " rolling least and the 
" Normandie " the most.* 

Now we unhesitatingly affirm that there is nothing to justify 
the conclusion that these gentlemen have come to, viz., that the 
greater rolling was caused by the greater metacentric height, but 
the reverse. 

We accept the statement as to the performances of these 
ships as given by Sir. S. Robinson. 

1st. He says " that the * Solferino ' is superior to all the ships 
of both squadrons," but this includes the " Achilles," yet her 
metacentric height is only 3*1 feet, while that of the " Solferino " 
is 4*5 feet, therefore the theory breaks down, nor is this all, for 
the " Solferino " is nearly one third smaller, i.e., of 2,600 tons 
less displacement than " Achilles," and, therefore, might reason- 
ably be expected to roll more instead of less, and while they 
have the same extreme breadth, which is the disturbing dimen- 
sion, the " Achilles " is 90 feet longer ! 

The decided superiority of " Solferino " must be due to the 
lower centre of gravity and greater metacentric height, and the 
weights being on her bottom, tending to limit the arcs rolled 
through, or to " check rolling." 

Again he states " that ' Achilles ' is quite as good as the 
* Napoleon,'" what? not much better! Why the metacentric 
height of " Napoleon " is 4*9 feet, that of the " AchiUes " only 
3*1 feet ! The disturbing force of " Napoleon " may be repre- 
sented by the cube of 55, that of the " Achilles " by the cube of 
58, but then the latter is 147 feet longer and has only 4,400 tons 
greater displacement ! Moreover, the French ship not being an 
ironclad did not possess the alleged soporific of weighted sides. 
The theory here is doubly in fault. The true explanation is a 
low centre of gravity, great metacentric height, and weights on 
the floor. 

Then the "Achilles" is said to be rather superior to the 
" Magenta," when she ought to be very superior, being so much 
larger, that is, 90 feet longer and 2,600 tons more displacement, 

i2 
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His system was exploded because his stability was, for the 
most part, obtained by a broad plane of flotation, therefore 
his ships were more at the mercy of the waves, and their 
motions were extravagantly extensive ; the more so that 
they were without a low centre of gravity to limit the range of 
motion. 

When steam was introduced the engines and boilers took the 
place of ballast in keeping the centre of gravity low, more neces- 
sary because of the reduced breadth to obtain speed economically, 
and necessary because of the great reduction of stability when 
the latter part of the coals were being consumed. 

A lower centre of gravity is necessitated in merchant 
vessels by the fact that many of them are obliged to carry deck 
loads. 

As great stabihty and much of it by a low centre of gravity 
was adopted as indispensable by common consent alike of sailors 
and naval architects, the result of long extensive and conclusive 
experiments and represented by a metacentric height of five 
feet to six feet or more, an architect giving much less to a 
design would have been justly esteemed as foolish or criminally 
ignorant. The laws of nature being unchanged, how can it be 
otherwise now in giving metacentric heights such as 2*6 feet, 
2*3 feet, 2*2 feet, and even 1*5 feet under other much more un- 
favourable conditions? There was nothing in the facts offered 
in justification of the course pursued. 

As we now propose to show ; — ^Mr. Reed wrote, " the steadi- 
" ness at sea of our ironclads is due to their want of stiffness or 
^* stability : " also that it had been found that raising the centre 
gravity tended to " check rolling, and that it was a popular 
fallacy to suppose the armour-made ships roll." 

It was recommended by Mr. Froude with a view to reduce the 
tendency to roll to raise the centre of gravity of ships, and to 
distribute their weights towards their sides. 

Sir Spencer Robinson accepted the principle involved in 
these statements and writes : — " It is remarkable that, according 
to theory, the rolling of the ships being very much influenced by 
the position of the centre of gravity with regard to the meta- 
centre, and by the moment of stability, the order of rolling of the 
French ships as observed, follows that law." 

The height of the metaoentre above the centre of gravity in 
these ships is as follows :—- 
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Annoured " Solferino," 4*5 ft., armoured " Couronne," 5*37 ft. 
Unarmoured " Napoleon," 49 „ " Invincible," 6*36 ft. 

Armoured "Magenta," 5*0 „ "Normandie,"6-59ft. 

Unarmoured " Tourville," 5-31 ft. 

" This," he says, is " precisely the order of merit they have 
taken as to rolling." The " Solferino " rolling least and the 
" Normandie " the most.' 

Now we unhesitatingly affirm that there is nothing to justify 
the conclusion that these gentlemen have come to, viz., that the 
greater rolling was caused by the greater metacentric height, but 
the reverse. 

We accept the statement as to the performances of these 
ships as given by Sir. S. Robinson. 

1st. He says *' that the ' Solferino ' is superior to all the ships 
of both squadrons," but this includes the " Achilles," yet her 
metacentric height is only 3*1 feet, whUe that of the " Solferino " 
is 4*5 feet, therefore the theory breaks down, nor is this all, for 
the " Solferino " is nearly one third smaller, i.e., of 2,600 tons 
less displacement than " Aclulles," and, therefore, might reason- 
ably be expected to roll more instead of less, and while they 
have the same extreme breadth, which is the disturbing dimen- 
sion, the " Achilles " is 90 feet longer ! 

The decided superiority of " Solferino " must be due to the 
lower centre of gravity and greater metacentric height, and the 
weights being on her bottom, tending to limit the arcs rolled 
through, or to " check rolling." 

Again he states " that ' Achilles ' is quite as good as the 
'Napoleon,'" what? not much better! Why the metacentric 
height of " Napoleon" is 4*9 feet, that of the " Achilles " only 
3*1 feet ! The disturbing force of " Napoleon " may be repre- 
sented by the cube of 55, that of the " Achilles " by the cube of 
58, but then the latter is 147 feet longer and has only 4,400 tons 
greater displacement ! Moreover, the French ship not being an 
ironclad did not possess the alleged soporific of weighted sides. 
The theory here is doubly in fault. The true explanation is a 
low centre of gravity, great metacentric height, and weights on 
the floor. 

Then the "Achilles" is said to be rather superior to the 
" Magenta," when she ought to be very superior, being so much 
larger, that is, 90 feet longer and 2,600 tons more displacement, 

i2 
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His system was exploded because his stability was, for the 
most part, obtained by a broad plane of flotation, therefore 
his ships were more at the mercy of the waves, and their 
motions were extravagantly extensive ; the more so that 
they were without a low centre of gravity to limit the range of 
motion. 

When steam was introduced the engines and boilers took the 
place of ballast in keeping the centre of gravity low, more neces- 
sary because of the reduced breadth to obtain speed economically, 
and necessary because of the great reduction of stability when 
the latter part of the coals were being consumed. 

A lower centre of gravity is necessitated in merchant 
vessels by the h^ that many of them are obliged to carry deck 
loads. 

As great stabiHty and much of it by a low centre of gravity 
was adopted as indispensable by common consent alike of sailors 
and naval architects, the result of long extensive and conclusive 
experiments and represented by a metacentric height of five 
feet to six feet or more, an architect giving much less to a 
design would have been justly esteemed as foolish or criminally 
ignorant. The laws of nature being unchanged, how can it be 
otherwise now in giving metacentric heights such as 26 feet, 
2*3 feet, 2*2 feet, and even 1*5 feet under other much more un- 
favourable conditions? There was nothing in the facts oflered 
in justification of the course pursued. 

As we now propose to show ; — ^Mr. Reed wrote, " the steadi- 
" ness at sea of our ironclads is due to their want of stiffiiess or 
** stability : " also that it had been found that raising the centre 
gravity tended to '' check rolling, and that it was a popular 
fallacy to suppose the armour-made ships roll." 

It was recommended by Mr. Froude with a view to reduce the 
tendency to roll to raise the centre of gravity of ships, and to 
distribute their weights towards their sides. 

Sir Spencer Robinson accepted the principle involved in 
these statements and writes : — " It is remarkable that, according 
to theory, the rolling of the ships being very much influenced by 
the position of the centre of gravity with regard to the meta- 
centre, and by the moment of stability, the order of rolling of the 
French ships as observed, follows that law." 

The height of the metacentre above the centre of gravity in 
these ships is as follows :~ 
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Armoured " Solferino," 4*5 ft., armoured " Couromie," 5*37 ft. 
Unarmonred " Napoleon," 4*9 „ " Invincible,'' 6*36 ft. 

Armoured "Magenta," 5*0 „ "Normandie,"6'59ft. 

Unarmoured " Tourville," 5-31 ft. 

" This," he says, is " precisely the order of merit they have 
taken as to rolling." The "Solferino" rolling least and the 
" Normandie " the most.* 

Now we unhesitatingly afi&rm that there is nothing to justify 
the conclusion that these gentlemen have come to, viz., that the 
greater rolling was caused by the greater metacentric height, but 
the reverse. 

We accept the statement as to the performances of these 
ships as given by Sir. S. Robinson. 

1st. He says " that the ' Solferino ' is superior to all the ships 
of both squadrons," but this includes the " Achilles," yet her 
metacentric height is only 3*1 feet, while that of the " Solferino " 
is 4*5 feet, therefore the theory breaks down, nor is this all, for 
the " Solferino " is nearly one third smaller, i.e., of 2,600 tons 
less displacement than " Achilles," and, therefore, might reason- 
ably be expected to roll more instead of less, and while they 
have the same extreme breadth, which is the disturbing dimen- 
sion, the "Achilles " is 90 feet longer ! 

The decided superiority of " Solferino " must be due to the 
lower centre of gravity and greater metacentric height, and the 
weights being on her bottom, tending to limit the arcs rolled 
through, or to "check rolling." 

Again he states " that ' Achilles ' is quite as good as the 
'Napoleon,'" what? not much better! Why the metacentric 
height of " Napoleon " is 4*9 feet, that of the " Achilles " only 
3*1 feet ! The disturbing force of " Napoleon " may be repre- 
sented by the cube of 55, that of the " Achilles " by the cube of 
58, but then the latter is 147 feet longer and has only 4,400 tons 
greater displacement ! Moreover, the French ship not being an 
ironclad did not possess the alleged soporific of weighted sides. 
The theory here is doubly in fault. The true explanation is a 
low centre of gravity, great metacentric height, and weights on 
the floor. 

Then the "Achilles" is said to be rather superior to the 
"Magenta," when she ought to be very superior, being so much 
larger, that is, 90 feet longer and 2,600 tons more displacement, 

i2 
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with same breadth of beam, i,e., an equal diBtnrbing element. 
Here, also, the theory fails, and the explanation is, a lower centre 
of gravity and weights on the floor ! 

Also, "Achilles" is stated to be decidedly superior to the 
rest of the French squadron, excepting the " Tourville." Why, 
the metacentric height of this ship is 5*3 feet, that of " Achilles '* 
3*1 feet, she is without the soporific of armour, is 140 feet shorter, 
and 4,000 tons less displacement than " Achilles." Again the 
theory is doubly wrong, 

*' Achilles *' is superior to the rest of the French squadron, 
i.e., to the " Couronne," the "Invincible," and the " Normandie." 
Really we are surprised that a direct comparison should have 
been made ; she is IIQ feet longer than " Couronne," and 3,300 
tons more displacemedt, and 118 feet longer than each of the 
other two, and 3,600 tons greater displacement than one, and 
3,890 tons more than the other. That these did not roll very 
much more than her is due to their higher centre of gravity and 
greater metacentric height. 

For, comparing the French ships amongst themselves in re- 
spect of their metacentric height, there is not even the show of 
reason, for, 1st, the two unarmoured ships must be struck out as 
it is now admitted that they roll less than ironclads. The theory 
as to the contrary is now abandoned by Mr. Beed, reason and 
experience have re-obtained their sway. 

The French ironclads take their places in the order of their 
size, the largest rolling least. The two first are sister ships as 
also the two last, but of a lower class, the proportion of breadth 
to length in these last is greater than that of the other three, 
therefore they ought to roll more. The " Magenta " is 1,100 
greater displacement than the " Normandie. " Then the " Edgar ' '♦ 
is said to be inferior to the * Napoleon,' * Tourville,' * Solferino,' 
' Achilles,' and * Magenta.' " The inferiority cannot arise from' 
her metacentric height for it is equal to that of the " Napoleon " 
but less than that of all the other French ships. Why should 
she be inferior to the " Napoleon " and " Tourville ? " because 
being three feet wider, she is subject to greater disturbance ; the 
other ships are all so much larger, especially the " Achilles," that 
no comparison in reason can be made, the " Achilles " is 140 feet 
longer, and of 4,000 greater displacement. 

* We take the metacentric height of " Kdgar " to be the same as her 
sister ship, 4*6 feet. 
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We take the metacentric height of " Black Prince " to be the 
same as that of her sister ship " Achilies," that of " Hector " is 
4*6, and " Black Prince " is a sister ship to " Achilles," and ought 
not, are far as we are informed, to be different from her. 

The " Defence " is said to be better than the " Hector " and 
"Prince Consort." With the equal length the " Defence " has 
two feet less breadth than the " Hector," and with 7 feet greater 
length she has 4 feet less breadth than the ** Prince Consort," 
therefore we should expect the latter to have greater motion than 
either of the others. 

Then the " Black Prince," with her smaller metacentric 
height, 3*1 feet, is admitted to be inferior to the " Solferino " 
and " Magenta " with their considerable height of metacentre, 
one 4*5 the other 6 feet. 

We have before examined the facts offered in support of the 
theory as drawn from the comparison of the rolling of a number 
of English ironclads, and have shown they range themselves as 
respects their rolling exactly in the order of the proportion of 
breadth to length, the vessel with least proportionate breadth 
rolling least. The " Minotaur," the largest and best ship with 
a metacentric height of 3*8 feet, superior to the " Bellerophon " 
with only 3*2 feet of metacentric height. 

The " Pallas," a ship of Mr. E. J. Reed's, the worst roller, 
her smaller metacentric height not checking the rolling so much 
as the great metacentric height of the " Prince Consort," 6*1 feet. 

It was natural for " Pallas," to roll she had such a great pro- 
portionate breadth of plane of flotation. 

Raising weight did not cure, but the contrary it made her 
rolling worse. 

Obviously the theory that induced these gentlemen to damage 
a fleet of ships by reducing their stabilities has no foundation in 
experience, in reason, or in science, and they ought to be held 
responsible for the loss of ships by capsizing and loss of life that 
arises from their improper advocacy of insufficient stability. 

"*Tacna'towit!" 

And as this system might have been effectually tested in the 
course of an afternoon, not one of these unsafe ships should have 
been built. 



We take the metacentric height of " Black Prince " to be nearly that 
of her sister ship " Achilles." That of '* Hector" is 4*6 feet. 
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Troof of Proposition stated page 115. 

If, instead of supposing the floating body to be inclined at 
any given angle in smooth water, we suppose the surface of the 
wave to be inclined to the mean surface at an equal angle, it will 
be evident that the reasoning with reference to the pressures, 
pages 73 and 74, will hold good. 




Take Mr = 6, Lt = a, NM=c NL = d NO = X. 
Taking the usual formula for the centre of gravity, and 
integrating between the limits c and d, 

^_ fxyhx 

h 

y ^ -X 
^ c 



i 



J ^ c] c 3 

1 



ySx := _ — 
C 2 






^yBx _ A ^ — ^ — 
"• 3 c»~ (f 



'yBx 



2 (^ + cd + d! ' 
3 



e + c? = 24 
(^+ cd + dJ" 
324 + 108 4- 36 = 468 
2(€^ + cd -\- d!^) - 936 



c + d 
3(6 + (£) = 72 
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X = ^ = 13. 
72 

Formula for the equilibrated lever — -- — a. 

Centre of gravity of the system being above the centre of 
displacement. 

In this formula, h = the line of intersection of the cross 
section of the floating body when upright with the snr^Ekce of the 
water. 

8, the fignre of displacement when the body is upright ; a, the 
distance between the centres of gravity and displacement when 
the body is upright. 

In this case, that of a block 12 feet square as described, 
page 72, &c., 

6 = 12 and iS = 6 X 12. 

IS 

= -5 



122X6 



op= — = 6-5. 

00=^ = 3-25. 
2 

g being the centre of gravity of the floating block / g, 
evidently = 6. 

a= 6 -325 = 275 
6* 



12i8f 



- a =-5 - 2-75 = - 2-25. 



The stability being negative in this case ; but as the centre of 
gravity is lowered, a is diminished till it becomes equal to - — 

when the stability is that of indifference ; when a is less than 
— -, the stability becomes positive and the righting lever in- 

creases, while the upsetting lever remains constant; the con- 
ditions in other respects remaining unaltered. 
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PROBLEM V. 



To find the nature of the curves made by cutti/ag the fore body by 
planes perpendicular and parallel to the upright centred longi- 
tudinal plane. 

Let OXDZ be half the fore body of the ship, from the keel 
DZ to the greatest deck plane XYX^Y^, Fig. XXXIV, YZY^Z^ ; 
the ellipse which divides the fore from the aft body ; and mCPM 
a plane passing through the fore body parallel to the plane OYX. 
OX = a', OXi = c; 0T=0Ti = 2b; OZ=zOZi=h', On = x; 
nN= z ; NP = y, P being any point on the surface. The plane 
ApBq, passing through P, is supposed to be perpendicular to the 
plane XqXip and parallel to the plane ZYZiYi* 

np = nq = b ll-{- cos — 1 = 26 cos* ^ ; 

for, by trigonometry, 1 + cos = 2 cos' ^, being the length of 

any circular arc to radius 1. Putting wiM", which is supposed to 
be perpendicular to OZ, = 2v, we have, 

ZiO^ : OY* : : Z^m X mZ : m]\P, 
that is, 

h^:^:'.V-z''iW. 

.'.2v= ^- (hy-'zy. 
h 

y = NP = 2vcoa* ^=^ (^s -. g^)! cos' ^ ; mN=On = x. 

za h 2a ' 

' It is evident that qApPB, any section parallel to YZYiZiy is an 

ellipsis, for An=nB=h', np=nq-=i2b cos* — , the principal axis 

2a 

of the section ; nN= z, then, An* : np^ : : ANXNB : J/P®, that is, 

h* : 4&« cos* g : : (A«-^) : ^(V-^^) cos*g; 
but 

— (h^ — 2») cos* ^ is equal to the square of ^ (V— »*)* cos' ^. 
A 2a ^ h 2a 

consequently ApPBq is an ellipsis. 
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The equation, to any point on the snrface of the half fore 
body TjpXDZMY, is 

,=f(*.-^.c,..£=.(i+c»=)a!ri2i,(.,. 

To find the equation of the carve formed by catting the fore 
body by a plane, passing throngh any point P, parallel to the 
vertical plane OXDZ. In equation (1), y becomes a constant 
quantity, which put =/; then (1) may be put under the form 

fh=h (l+cos^) (h*-z*y; (2). 
.-./:& (l+ooB— ) : {h!t-z*f:h. 

1 + COS — j = the ordinate directly over P on the 

greatest horizontal plane, describe a circle KpL^ Fig. XXXV ; 
take the perpendicular Tp •=- f^ draw ivpS cutting the circle, de- 
scribed with nB as radius, in the point S \ draw Sn perpendicular 
to nB:=h ; then nN=^z. 

(n8y-(nNy =(^N8y, that is (h''-z^y=N8. 
By similar triangles we have, Tp : pn y, N8 : 8n, that is, 

/: h (l + cos^) : (fe«-»2)» : h. 

Therefore, for On=zx, n being any point in OX = a ; we find 
nN = 2f by construction. 

When x = o, equation (2) becomes fh = 26 {k^— s^y, and 

z=OB=Ji 1 1 — ~o I • Now, if i. = the sine of an arc 0, to 
\ 46*/ 26 

radius 1, then, z=OB=zh cos 0. 

Again, if 2f=o, (2) becomes /= 6 ( 1 + cos — ) ; 

.'. aj= 0Q = -cos II.— l);or = — cos 1^). 

TT \0 / TT \26/ 

Ex. Let XX,, Fig. XXXIV, =245 ft.; OX =147 ft., OXi= 
98 ft.; Or=Ori=26=17-5ft.; 0Z=15 ft.=^; Ori=aj=56ft.; 
andJVP=/=5ft. 

Then in Fig. XXXV, OX=a=147ft,; OZ=nB=h=ilh ft.; 
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taking n, any point in OX^ we have, in the present case, taken 
On=56 ft. 



'•(0=^ 



(/)-i,(26) i,C-5)-i,(175)_, 



62638149. 



\ , (-5) = '69314718 
- \ , (1-75) = '55961579 

2 )^125276297 

'62688149 = \ , (-534522482) 

cos (57° 41' 18" -45) = -5345225 = sin (32° 18' 41"-55). 

Length of arc of 57° 41' 18" -45, to radins 1, =1-0068535 ; 



■•••=««=v-"W 



. • . i , («) = i , (2a) - 1 , (^) + 1 , (1-0068535). 

l,.(2a) = 1, (2-94) = 107840958, ar. CO. 1892159042 
minus, i , (^r) = i , (3*14159265) ='114472989 '114472989 

\ , (1-00685350) = 683014, ar. co. 1316986 
\ , (-94224478) = '5949017 

. • . 00 = 94-224478 ft. 

OE = h(i^ A)*= ^ ^^ ^- 1 ' (i) = '125276297 

230258509 , = i , (10) 
i , (2-85714283) = 104982212, 

. • . / = -2857143 = sin (16° 36' 5"-59) 
26 ' 

cos = cos (16° 36' 5"-59) = -9583149 
. • . OE = ^ cos = 15 X (-9583149) = 14374724. 

To find nN = z, when Oti = a? is taken = 56 ft. ; equation (2) 
may be presented under the form 






26 cos' -— 

2a 

in which 26 cos* — = the ordinate ?ip. Fig. XXXIV. 

aCb 



irx wX56 



2a 294 



= -598398504, since w = 3-14159265 ; 
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now, -5983985 is the length of an arc of 34° 17' 10"-32 to radius 
1 ; and sin (55° 42' 49"-68) or cos (34° 17' 10"-32 = -8262339, 
the dual log., corresponding to which is = '19087739. 



.-. l,(cos«^^ = '38175478 
1, (2&), or I, (1-75) = 55961579, 



17786101, = i , (119465926) 
and .-.^1^ = 11-9465926. 



cosine of an arc of which - 

h 



But, L^—^ = (i _ l^y = the cosi 

is the sine. 

I , (/) - i , (2& cos« g) = i , (50 - i , (11-9465926) = 

i , (-5) - i , (1-19465926) ; 

i , (-5) = '69314718 
minns i , (1-19465926) = '17786101 

-87100819 = I , (-41852938) ; 

hence, -4185294 = cos (65° 15' 29"-61), and sin (65° 15' 29" -61) 
= -9082033 ; 

.-. I = -?,= -9082033, and, 
h 15 

nN = 13-62305 = (-9082033) X 15. 



PROBLEM VI. 

To find the nature of the cv/rves made by cutting the aft body by 
planes perpendicular a/ad parallel to the upright central longi' 
tudi/nal plane, 

XYXiYi, Fig. XXXVI, represents the horizontal and greatest 
deck plane ; OXi = C', OX^a; 0Y=2b= OY^ ; ZYZ^Y^ is 
an ellipsis passing through the greatest breadth YOYi the plane 
of which is perpendicular to the plane XTXjYi, OZ = fe = OZi ; 
and mMPGNm represents a plane cutting the solid parallel to the 
plane XYXf Yj. 

Let BPpAq be a plane passing through any point n parallel 
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His system was exploded because his stability was, for the 
most part, obtained by a broad plane of flotation, therefore 
his ships were more at the mercy of the waves, and their 
motions were extravagantly extensive ; the more so that 
they were without a low centre of gravity to limit the range of 
motion. 

When steam was introdnced the engines and boilers took the 
place of ballast in keeping the centre of gravity low, more neces- 
sary becanse of the reduced breadth to obtain speed economically, 
and necessary becanse of the great reduction of stability when 
the latter part of the coals were being consumed. 

A lower centre of gravity is necessitated in merchant 
vessels by the fact that many of them are obliged to carry deck 
loads. 

As great stabihty and much of it by a low centre of gravity 
was adopted as indispensable by common consent alike of sailors 
and naval architects, the result of long extensive and conclusive 
experiments and represented by a metacentric height of Ave 
feet to six feet or more, an architect giving much less to a 
design would have been justly esteemed as foolish or criminally 
ignorant. The laws of nature being unchanged, how can it be 
otherwise now in giving metacentric heights such as 2*6 feet, 
2*3 feet, 2*2 feet, and even 1*5 feet under other much more un- 
favourable conditions? There was nothing in the facts offered 
in justification of the course pursued. 

As we now propose to show ; — Mr. Reed wrote, " the steadi- 
'* ness at sea of our ironclads is due to their want of stiffiiess or 
^* stability : " also that it had been found that raising the centre 
gravity tended to '^ check rolling, and that it was a popular 
fallacy to suppose the armour-made ships roll." 

It was recommended by Mr. Froude with a view to reduce the 
tendency to roll to raise the centre of gravity of ships, and to 
distribute their weights towards their sides. 

Sir Spencer Robinson accepted the principle involved in 
these statements and writes : — " It is remarkable that, according 
to theory, the rolling of the ships being very much influenced by 
the position of the centre of gravity with regard to the meta- 
centre, and by the moment of stability, the order of rolling of the 
French ships as observed, follows that law." 

The height of the metaoentre above the centre of gravity in 
these ships is as follows :~ 
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ArmoTired " Solferino," 4*5 ft., armoured " Couronne," 5'37 ft. 
Unarmoured " Napoleon," 4*9 „ " Invincible," 6*36 ft. 

Armoured "Magenta," 5*0 „ "Normandie,"6-59ft. 

Unarmoured " Tourville," 5-31 ft. 

" This," he says, is " precisely the order of merit they have 
taken as to rolling." The "Solferino" rolling least and the 
" Normandie " the most.' 

Now we unhesitatingly affirm that there is nothing to justify 
the conclusion that these gentlemen have come to, viz., that the 
greater rolling was caused by the greater metacentric height, but 
the reverse. 

We accept the statement as to the performances of these 
ships as given by Sir. S. Robinson. 

1st. He says " that the * Solferino ' is superior to all the ships 
of both squadrons," but this includes the " Achilles," yet her 
metacentric height is only 3*1 feet, while that of the " Solferino " 
is 4*5 feet, therefore the theory breaks down, nor is this all, for 
the " Solferino " is nearly one third smaller, i.e., of 2,600 tons 
less displacement than " Achilles," and, therefore, might reason- 
ably be expected to roll more instead of less, and while they 
have the same extreme breadth, which is the disturbing dimen- 
sion, the " Achilles " is 90 feet longer ! 

The decided superiority of " Solferino " must be due to the 
lower centre of gravity and greater metacentric height, and the 
weights being on her bottom, tending to limit the arcs rolled 
through, or to " check rolling." 

Again he states " that * Achilles ' is quite as good as the 
* Napoleon,' " what ? not much better ! Why the metacentric 
height of " Napoleon" is 4*9 feet, that of the " AchiUes" only 
3*1 feet ! The disturbing force of " Napoleon " may be repre- 
sented by the cube of 55, that of the ** Achilles " by the cube of 
58, but then the latter is 147 feet longer and has only 4,400 tons 
greater displacement ! Moreover, the French ship not being an 
ironclad did not possess the alleged soporific of weighted sides. 
The theory here is doubly in fault. The true explanation is a 
low centre of gravity, great metacentric height, and weights on 
the floor. 

Then the "Achilles" is said to be rather superior to the 
Magenta," when she ought to be very superior, being so much 
larger, that is, 90 feet longer and 2,600 tons more displacement, 

i2 
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2c 
t* = _ cos 



■(0 



{&=■' 



We have before shown that ( i r = •5345224!8 = the sine of 



32° 18' 41"-55 = the cosine of 57° 41' 18"-45 ; and 1-0068535 
length of arc of 57° 41' 18"-45 ; 

. • . i , W = i , (2c) - 1 , (,r) + 1 , (1-0068535). 

i, (2c), i, (1-96) = 67294447, ar. co. 182705553 
minus, i , (tt) = '114472989 114472989 

I /i.AA^QKQK\ 683014, ar. CO. 1316986 

i , (1 0068535) = ,^gjggg^ ^m95E2S 

'46495128 \, (-628163201) 
. • . u = 62-81632 ft. 

To find X when z = o, we have, x = u + b sin — ; 

c 

to find — , 
c 

1 , (tt) = 114472989, 114472989, 

i > (^) ; i , (-628163201) = '46495528 ar. co. f53504472 

I / X ♦ / OQN 2020271, 2020271 

minns, I , ( c) ; t , ( '98 ) ^ ' v_v«f_* 

' * ' w » h ^ ^o; 69997732, 69997732' 

'69997732 = {, (201370703). 

3-14159265 - 201870703 = 1-12788562 = an arc of 
64° 37' 23"-09 to radius 1. 

This result is correct, for 

"^ = double !^, 
c 2c 

and 64° 87' 23"09 = twice (32° 18' 41"-55 an arc, before found ; 

and 2-0137070 = twice 1-0068535. 

sin (64° 37' 23"-09) = -903508 ; 
6 sin ^ = 15 X (-903508) = 13-55262 ; 

.•.aj = it + 6sin~ = 6281682 + 13-55262 = 76-86894 ft. 

c 
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When tt = 0, aj = 0, and 2& cos' _ ( 1 — — . r = /, becomes 
26(1-^)'=/; 

Now if -2857143 be the sine of an angle to radins 1, - will be 

h 

the cosine of the same angle ; bnt, '2857143 = sin (16* 36' 5"'59), 

and cos (16° 36' 5"-59) = -9583149 ; 

.-. 2 = 7i X. (-9583149) =14-374724 = OE, 

(Fig. XXXV), a result before found. 

To construct the curve Zc?e, Fig. XXXVII, formed by cutting 
the afb body of the ship by a plane parallel to the centre upright 
plane OZDX^, 

For any point w, in OXj, let 

Og =^ u; On = aj = w -|- 6 sin — ; c = O-Xj. 

c 

The ordinate n^, Fig. XXXVI, on the aft main deck 



= 6(l4-cos^) = 26coB«y; 



and nB =z Oz = h. With ti as a centre and np, the main deck 
ordinate at n, describe the circle qirrvip', draw the radius npr 
through the point p where pN, perpendicular to nB, = / the dis- 
tance of the cutting plane from the plane OD. 

With h = nB, describe the circle AtivB ; draw rd perpendi- 
cular to NB, then nd =z z at the point n. For (wr)'— (ndy = 
(rd)*, that is, 

h^-^= (rdy, . • . rd=(h''- ««)*. 

On account of the similarity of the triangles md and pnN, we 

have 

Np : pn : : dr : m, that is, 



TTU 



/:26cos»^:: {h^ -- z^ : h; 



fi^om which we find 



^^-*?cO-F>=-^' 



the equation for all points of the curve formed by cutting the aft 
body by a plane whose distance from the sheer plane =/. 
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In Fig. XXXVII,— 

OXi = 98 ft. ; OZ = nB = IBi = X^D = 15 ft. ; 

Og = 28 ft. On = 34-84 ft., np = 142055 ft., pN = 
^1^1 = ^riil = 5 f t. ; and 

nd, the value of z at the point n, = 14*04 ft. 01 = 76*3689 ft. 

At the deck ordinate Opi = 2& = 17*5 ft. is greater than 
OZ = 15 ft., at I the curve terminates where the deck ordinate 
=/=5ft. 



THE AXIS ROUND WHICH A FLOATING BODY 

TURNS. 

The imaginary line or axis on which a ship is supposed to 
oscillate, or round which she is supposed to turn, when she is 
acted upon by external forces, does not, except in very rare 
instances, pass through the centre of gravity of the floating mass. 
The exceptional instances, here alluded to, never have place in a 
properly designed and carefully ballasted ship; this we shall 
prove, after we have completed the geometry of Scott Russell's 
solid, out of which ships to suit diflPerent purposes may be 
constructed. 

However, in the meantime, we shall take a simple case that 
does not require the application of the higher mathematics. 
When a force is required to turn a body, free to move, from 
a state of rest or equilibrium the centre of gravity of that body, 
so long as the force has to be continued, is being raised ; and 
when a force is required to prevent a body from returning to a 
place of rest or equilibrium, the centre of gravity of that body is 
inclined to fall, reference being made to a fixed or stationaiy 
horizontal plane or line. 

Let us take a solid homogeneous body of uniform shape and 
dimensions throughout the whole of its length, and suppose 
it to be placed upon a fluid of greater specific gravity than itself, 
in such a manner, that the centre of buoyant effort and the 
centre of gravity are in the same vertical line. And let it be 
required to determine the stability, when by the application of 
some external force, the body is deflected from the upright 
position, or from a position of equilibrium through a given 
angle. 
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Again, let the solid to whicli our present investigation refers 
be such, that the vertical transverse sections perpendicular to 
the (unknown) axis of motion, are equal and similar trapezoids, 
as indicated by ACDE, Figs. XXXIX to XLIII. 

Reference being made to Fig. XXXTX, the solid floats on the 
surface of the water KL and AEDG is its position when in a 
state of equilibrium; AKLG being the portion of the vertical 
section above and out of the water, and KLDE the part im- 
mersed beneath the surface of the water. The point G is the 
centre of gravity of the whole section, the plane of which is sup- 
posed to pass through the centre of gravity of the body, and g is 
the centre of buoyancy, or the centre of gravity of the part 
immersed below the surface of the fluid ; then since the body 
floats in a state of equihbrium, it follows, that BF the axis of the 
section, which passes through the points G, g, is perpendicular 
to KL in the line of flotation. As the investigation of the 
problem, here introduced, is designed so that it may be under- 
stood by those of ordinary mathematical skill, we deem it neces- 
sary to introduce the following geometrical proposition . — 



PRELIMINARY PROPOSITION. 

Let KLDE, Fig. XXXVIII, be a trapezoid ; KL parallel to ED, 
and the angle KED equal to the angle EDL ; it is required to draw 
from any point M in the side KE, a straight line MN, so that the 
area of the trapezium MNDE shall be equal to the area of the 
trapezoid KLDE. Gonstruction. Draw MP parallel to KL or 
ED ; produce KE and LD until they meet in Q ; with Q as 
centre, and radius QL, describe the arc SL; from the point P 
draw P8 perpendicular to DL, cutting the arc SL in S ; then, 
the semicircle Q8N passing through the points Q, 8, and cutting 
DL produced in N, determines the point N; and the trapezium 
MNDE is equal to the trapezoid KLDE. See 0. Byrne's " Vade- 
mecum de ringenieur de Chemins de Fer," p. 121. Paris : De 
Napoleon Chaix, Rue Bergere. 

The truth of this construction may be established thus : — 
The area of the triangle KQL = KQ X QL x ^ sin KQL ; 
and the area of MQN = MQ X QN X ^ sin. MQN; 

.-.KQ X QL= QL^ = MQx QN= QP X QN 

K 
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■■■QN = ^. 

Since, QP x QN = QV = Q8\ and F8 perpendicnlar to 
QN ; a right-angled triangle (right-angled at 8) m&y be formed 
by joining the points Q, 8, and 8, N ; and hence a semicircle 
may be made to pass through the points Q, 8, and cut the line 
QN in N. 

Let a = EQ;h=: KH =EL',c = KQ = QL',&ndn = KM. 
Put X = OL ; then OK = 26 — aj. Draw MU and NV perpen- 
dicular to KOV. From similar triangles we have 

^Q : Qfl" : : E:if : ifU- = — ; and 

c 

c 

It has been shown that QN = , but 

c — n 

c* en 



LN= QN- QL =— ^ c = 



c — n c — n 



. • . NY = - X 



c c — n c — t^ 

Since the triangles KOM, NOL, have eqnaJ areas, KO X 
UM= OL X NV, or 

an art c — ti 

(26 — aj) — = aj ; . • . aj = ^— 6 ; 

c c — n c — -pb 

X must always be less than h, for, the numerator of the fraction 

7- is always less than the denominator. 

c — in " 

If g and be points taken in QH and QB" produced, and per- 
pendiculars gR, GI, drawn to NM, then, the four right-angled 
triangles, OUM; OH J; GIJ; and ^jB/ are similar. 

0K = 2h-'X=: — ^6; 

c — fn 

c 



\c — fii cj 2c — 



- ny + c^ /b 
n \c 
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and OH=h- I h = ^ — b, 

c — in zc — n 



c -» n , n 

Oil :UM:: OH: HJ, that is 



(c — • rif + c^ h an n cm?- _ __ 

2c — ?j c " c * * 2c — 7i (c — w)^ 4- 0^ 

Putting GE = p and ^iT = q, then /(? = p + r— - — ^ and 

*^9 = 1- (c _ ^)2 ^ c2 - -^ = tangent of the angle VOM, 

XI X . <^ J- • n J , (c — w.)' + c' .6 cm 2c — n 

that IS, — diviaed by -^^ — ^ — -, or t- t r^— ; — s = tan 

' c ^ 2c —n c h (c — ny + c* 

UOM. Whence, all the angles of the right-angled triangles 
OUM, OHJ; GIJ, gBJ heoome known. 

Twice the area of the triangle MNP divided by MN gives the 
perpendicular PT. Make Mm = mN, draw Pm ; then, r is the 
centre of gravity of the triangle MPN, if mr = \niP. And the 
perpendicular rt = \PT. See 0. Byrne's " Essential Elements 
of Practical Mechanics," p. 246. 

MP^ - PIP = MT" -- TJV* = (Mm + mTy -- (mN - mTf = 

4iMm X mT; 

MP" - PJV' 



. • . mT = 



2MN 



It is evident that the formulss just adduced apply to all 
trapezoids and trapeziums circumstanced hke KLDE and MNDE, 
that is, to the many positions which may be occupied by the 
floating body while the water-line KL cuts the sides JJS, DG ; 
Figs. XXXIX and XL. 

Now suppose, by the application of some horizontal external 
force /, the solid to revolve about an axis of motion until it comes 
unto the position shown in Fig. XL, in which state the equili- 
brium does not obtain. 

Let BG = 12 ft. = AB; ED = 2*4 ft., EF = 1*2 ft. = FD, 
Fig. XXXIX ; BE = 45 ; HF = 36, therefore, BF = 81 ; 
FQ = -9 and BQ = 9. Consequently Q(7 = 15 = ^Q ; and EQ 
= 1-3 = QD; AK= 75 = LG = KQ = QL. 

KE = 6' =LD. 
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Prom what has been shown, page 75, BG = 2\i ft. ; O being 
the centre of gravity of the trapezoid AEDG ; OH = 1 -^nnj. 

Again, KH = 6 = BL, and Eg = If, g being the centre of 
gravity of the part, KLDE, immersed below the surface of the 
water; Fg = 2^-. 

Taking /i, Fig. XXXIX, = the pressure of the water on the 
face KE and /a = the pressure on the face DL ; these forces 
fh /3» acting on the levers fiH and /»H retain the body AEDC in 
equilibrium and not the vertical force /2. 

Let a horizontal force / be applied to move the body and 
support it in the position shown in Fig. XL, so that KM = 3 ft. ; 
then the position of the new water line MN is readily found by 
the preliminary proposition. QN = 12*5 ; DN = QN — QD = 
11 ; MN will cross the line KL in 0, and is not in the centre 
of Zi. G is further from the water line in the position Fig. XL, 
than in the position Fig. XXXTX. The point being common to 
the two water lines, the body, Fig. XL has a tendency, if the 
equilibrium be disturbed, to turn round the point 0, and not as 
is generally assumed, round the point G. 

OH = — 6 = 1^; (see preliminary proposition) 



2c — n 



HJ = 



~ divided by I = ^ = -3529412 = tan. KOM; 
. • . KOM = 19° 26' 24"12. 
~ divided by i^ = ^ = -3328201 = sin KOM. 
GJ= GH-h HJ= 1WW+ A= i??Jil.. 

iiTTl-TT 110X17' 

^/=^ff~^/=H-^ = __^_; then, 

OJOH::JG:GI,thsLtm, 

15 /_ 3 433 X 9 433 x 9 

34^^ ^ 2 ^ ^ mnrr? '- ^eo^te " ^'^^^^^^^^' 

'*' 01 =. 1-96515 is much greater than OH = -— = 1-5545. 
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OJ : OH :: Jg : gB, tliat is, 

15v/l8 3 74 2-96 



= -82096. 



-34-" •2" 5X17' ^/I3 
Consequently gB = '82896 is less than Jffi^f = If = 1*4. 

It leads to absurd conclusions to allow, or to suppose tliat the 
perpendicular distances of G- and g from the water line remain 
constant ; the form of the floating body, the distribution of its 
weights, or the inclining of the body, by ever so small an angle, 
do not effect, but, only modify the general principle. 

MF, Fig. XL, = 7-2 ; ED, = 2*4; nF = 1-8; then, if e be 
the centre of gravity of the trapezoid MEDP, ne = J ft. 

eJ = eH - HJ = en -\-nH'-EJ=^ + 1-8-^^ = |f^. 

4 17 340 

OJ : OH : : eJ : ed the distance of the centre of gravity e, of the 
trapezoid MEDP, from the water line MN; that is, 

]5\/l3 3 229 X 3 6-87 
34 • 2 • • 340 '^13 

MN = 4 \/l3 ; Mm = 2 y/ld = mN. 

25-92 = area of KEDL = MEDN; 864 = area of MPBE; 
therefore, 25-92 - 8*64 = 17-28 = area of the triangle MPN. 

ni ttt' t t^ 15v/l3 9 229x3 4122 

OJ:JH:: eJ : Jd, or or ^j- : ~ : : —^^ : j^^= = Jd, 

^^ 17-28x2 8-64 ^ ^ 288 
PT = . ._ = —== ; and rt = -7==. ' 

Q2V = 12-5 ; QD = 15 ; QP = 4*5 ; PJV = 8 ; therefore, as 

PIP -MP" ^ ^ 8^ ~ (7-2)2 1.52 1-52 

— = mT, mT = — ^ ^— = —7=, and m^ = - — 7= 

2iJf^^ ' 8v/l3 v/13 3-v/T3- 

If Y be the centre of gravity of the trapezium MEDN, then 

YZ X area MEDN = ed x area MEDP -\- rt X area JfPJV^ 

6-87 ^^, 2-88 ,^^0 
^= x 8-64 H p= X 17-28 



^^ ^ \/l3 v^ 4-21 



25-92 a/13' 



0^ = ^.OJf = ^. 
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ON-mN= Om; i^_2'/l3 = -^= Om; 

. /.. ^^ 1'52 17-98 ^/l3 
0^_^« = 0<; __ __^ =___= o«. 

Hence, the perpendicular distance, IZ, between tHe directions 
of the downward pressnre through G- and the upward pressure 
through Y, may be accurately determined for all floating bodies 
of the form under consideration, by plane geometry, and for all 
inclinations that the body may assume in being moved fix)m the 
position shown in Fig. XXXIX, to the position shown in 
Fig. XLI. 

The variable distance IZ (the equilibrating lever) is impro- 
perly termed a lever, it has no existence when the floating body 
is in the positions shown in Figs. XXXIX and XLIII ; nor has 
this so-called lever an existence in an intermediate position 
between that of Fig. XLII and that of Fig. XLIII. 

The point G cannot he taken as a prop for the variable lever 
JZ, for, as the body is turned by the applied forces, Q continually 
changes its distance from the water line which remains fixed. 

Neither the principle of living forces, nor the principle of 
D^Alenibert, can be applied to determine the circumstances of the 
motion of the floating body AEDG by merely involving those of 
the pressures through G and Y (Figs. XXXIX to XLIII), on 
the variable line termed the equilibrating lever, which is without 
a fixed point or line of support. 

Monsieur S. D. Poisson, a profound mathematician, in his 
apparently exhaustive treatise on mechanics, evades the solution 
of this problem, and takes shelter in the obscurity of symbols of 
operation in his endeavour to apply the principle of living forces. 

Now, if we consider the moments of the applied forces /, 
/i,/2, &c., and the downward pressure through G, with respect 
to the point 0, or a line that remains fixed, around which the 
body actually turns ; the principle of living forces, or the prijiciple 
of D'Alembert (which may be regarded as a dynamical axiom), 
may be applied to determine the circumstances of the motion of 
the body AEDG, In the investigation before us, the principle of 
D'Alembert is more readily applied than the principle of living 
forces as the point 0, which neither rises nor falls, is constrained 
to remain in the stationary or fixed line, the water line. Nor 
does it affect the application of the dynamical axiom of 
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D'Alembert to suppose J5", Fig. XXXIX ; 0, Fig. XL ; 0, Fig. 
XLI ; 0, Fig. XLII ; and Z, Fig. XLIII, to be one and the same 
point. The form of the floating body and particular states of its 
immersion might render it necessary or convenient to take the 
point 0, in a stationary line parallel to the water line, but, at a 
given distance from it, in such cases the dynamical axiom of 
D'Alembert is also applicable. 

Referring to Fig. XLI, in which the side DO is parallel to 
the water line MN; and putting W=^ the whole weight of the 
body, AJSDC, concentrated in its centre of gravity O ; then, the 
body has no tendency to turn out of this position, when 

WX Ol^f^Xf^O =fXfO +/i X/iO +/2 X/2O -{-fiXfiO; 

and as long as this equality exists the body may be moved from 
place to place without disturbing the position of the point or 
of the water line MN. But general equations of equilibrium for 
every position into which the body may be forced can be deter- 
mined by the jprinciple of virtual velocities, since, the lengths and 
directions of all the required lines, and the exact positions of all 
the required points may be found, in the family of solids under 
consideration, by plane geometry; in all cases the predicated 
results may be verified by experiments. 

The principal of virtual velocities shows that the hody AGBE 
will rest in the position. Fig. XLII, when 

WxOI+f xfO +/, xf,0=f^ X/iO. 

From this equation it will be found that / becomes negative, 
that is, the force / has to applied in an opposite direction to 
retain the body in equilibrium with the line or face AO per- 
pendicular to the water line MN, 

If the body. Fig. XLII, be moved until GI and YZ be in the 
same straight line, perpendicular to the water line, the principle 
of virtual velocities shows that no value whatever can be given 
to / that will retain the body at rest in this position, although 
the downward pressure through G and *Ae upward pressure 
through Y are in the same straight line which is perpendicular 
to the water line. A contrary erroneous result would be arrived 
at, if we had continued to reason with respect to the forces 
acting through G and Yand the eqmlihrating lever which vanishes 
when GI and YZ are in the same vertical line. 

In Fig. XLIII, the fece AG is parallel to the water line MN^ 
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the pressnres through Y and G are in the same vertical line Y(7, 
and the equilibrating lever vanishes ; but it is not tlie pressnre 
/2 acting through Y and the pressure of W acting in a contrary 
direction through G that keep the body at rest in this position, 
but the equality of the moments /i X fiZ and /a X fzZ, 

We have taken a solid homogeneous floating body of uniform 
shape and dimensions throughout the whole of its length ; and 
for all such solids we have shown how the lines and points 
required in the investigation may be apcurately found by plane 
geometry. And we have shown that it is absurd to attempt to 
apply the principle of living forces or the principle of B^Alemhert 
to determine the circumstances appertaining to the turning 
motion of a floating body, by merely taking into account the 
downward pressure of the floating body, the upward pressure 
of the displaced water, and the perpendicular distance of the 
directions of these pressures, which distance has been termed the 
equilibrating' Ji£ver, 

We have also proved, by the principle of virtual velodtisB^ 
that it is absurd to seek for the conditions under which the 
floating body would assume a state of rest or equilibrium throngh 
the action of those pressures and the equilibratvng lever which is 
without prop or support. 

On the other hand, we have proved mathematically that the 
external pressures and the downward pressure of the body may 
be combined, according to the principle of D'Alembert, to deter- 
mine the nature and eircamstances of the motions of the floating 
body. And further we have established, by the principle of 
virtual velocities, the conditions under which the body assumes a 
state of rest or of equilibrium in any given position by the aciaon 
of the external forces and the downward pressure of the body. 

The absurdities that we have pointed out cannot be cleared 
away by altering the shape or the dimensions of the floating 
body ; and it requires but little reflection to perceive, that the 
distribution of weights inside the floating body, though all 
changes in their position must be allowed for, do not affect the 
general process of reasoning by which these absurdities haye 
been pointed out. 
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